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PROFESSIONAL QUALITY KITS 


‘No. 1 for Kits 


Whether your requirement for surveillance equipment is amateur, professional or you are just fascinated by this unique area of 
electronics SUMA DESIGNS has a kit to fit the bill. We have been designing electronic surveillance equipment for over 12 years 
and you can be sure that all of our kits are very well tried, tested and proven and come complete with full instructions, circuit 
diagrams, assembly details and all high quality components including fibreglass PCB. Unless otherwise stated all transmitters 
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are tuneable and can be received on an ordinary VHF FM radio. 


UTX Ultra-miniature Room Transmitter 
Smallest room transmitter kit in the world! Incredible 10mm x 20mm including mic. 3- 
T2V Operation. 500M range ou... ceccecececcesesssessessessescesecsessesesseseeseeseeseeeteeeescesee £16.45 


MTX Micro-miniature Room Transmitter 
Best-selling micro-miniature Room Transmitter 
Just 17mm x 17mm including mic. 3-12V operation. 1000m TANQC svcssccsicassioontves £13.45 


STX High-performance Room Transmitter 
Hi performance transmitter with a buffered output stage for greater Stability and range. 
Measures 22mm x 22mm including mic. 6-12V operation, 1500m range... £15.45 


VT500 High-power Room Transmitter 
Powerful 250mW output providing excellent range and performance. Slze 20mm x 
40mm. 9-12V operation. 3000M range........cecccccccccccccscsecscsssceceveeecececececeecececececc. £16.45 


VXT Voice Activated Transmitter 
Triggers only when sounds are detected. Very low standby current. Variable sensitivity 
and delay with LED indicator. Size 20mm x 67mm. 9V operation. 1000m range...£19.45 


HVX400 Mains Powered Room Transmitter 
Connects directly to 240V AC supply for long-term monitoring. Size 30mm x 35mm. 
OI CANN estat artecsccmtace cbr tou dancin seat ves te Mncctasededdeunteideensendies baud cdivaeetyetect cscs £19.45 


SCRX Subcarrier Scrambled Room Transmitter 
Scrambled output from this transmitter cannot be monitored without the SCDM decoder 
connected to the receiver. Size 20mm x 67mm. 9V operation. 1000m range........ £22.95 


SCLX Subcarrier Telephone Transmitter 
Connects to telephone line anywhere, requires no batteries. Output scrambled so 
requires SCDM connected to receiver. Size 32mm x 37mm. 1000m range........... £23.95 


SCDM Subcarrier Decoder Unit for SCRX 
Connects to receiver earphone socket and provides decoded audio Output to 
headphones. Size 32mm x 70mm. 9-12V operation ........ccccccccccccccccesceceececcececceceen. £22.95 


ATR2 Micro Size Telephone Recording Interface 

Connects between telephone line (anywhere) and cassette recorder. Switches tape 
automatically as phone is used. All conversations recorded. Size 16mm x 32mm. 
POWONER HOI TAG aici: cnssivtod apne tensacdevedivesecssecdsewevettuinencdscieceeseteeunetoutees.tesaneteds. £13.45 
















DLTX/OLRX Radio Control Switch . 
Remote control anything around your home or garden, outside lights, alarms, paging 
System etc. System consists of a small VHF transmitter with digital encoder and receiver 
unit with decoder and relay output, momentary or alternate, 8-way dil switches on both 
boards set your own unique security code. TX size 45mm x 45mm. RX size 35mm x 
90mm. Both 9V operation. Range up to 200m. 
_Complete System (2 kits) ................... = =: 
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| CLASS STAMPS OR OVERSEAS SEND TWO IRCS. 


UTLX Ultra-miniature Telephone Transmitter 

Smallest telephone transmitter kit available. Incredible size of 1mm x 20mm! Connects 
to line (anywhere) and switches on and off with phone use. All conversation transmitted. 
Powered from line. 500M range ..........c.ccccecsscscssecsccsescssescessecesesesseseeveeseeveveecessecees £15.95 


TLX700 Micro-miniature Telephone Transmitter 

Best-selling telephone transmitter. Being 20mm x 20mm it is easier to assemble than 
UTLX. Connects to line (anywhere) and switches on and off with phone use. All 
conversations transmitted. Powered from line. 1000m range .........c.ccccccccssceseeceees £13.45 


STLX High-performance Telephone Transmitter 

High performance transmitter with buffered output stage providing excellent stability 
and performance. Connects to line (anywhere) and switches on and off with phone use. 
All conversations transmitted. Powered from line. Size 22mm x 22mm. 

MOM I cen tes tse e shan ease tote ftccn Papen sagestecicepicaau te lotactensadtvocieaitonanehcatecc £16.45 
TKX900 Signalling/Tracking Transmitter 

Transmits a continous stream of audio pulses with variable tone and rate. Ideal for 
Signalling or tracking purposes. High power output giving range up to 3000m. Size 
25MM X B3MM. OV Operation... .ecececcccccscecceceesesvescesescssescesesvessteveeecececsecesseseee. £22.95 
C€D400 Pocket Bug Detector/Locator 

LED and piezo bleeper pulse slowly, rate of pulse and pitch of tome increase as you 
approach signal. Gain control allows pinpointing of source. Size 45mm x 54mm. 9V 
COI FACE gi ieee sche vo anieanicnttan-ructedlesse ionic aed ncleiabdiedessantees daureistuteobewéin ae ateecear £30.95 
CD600 Professional Bug Detector/Locator 

Multicolour readout of signal strength with variable rate bleeper and variable sensitivity 
used to detect and locate hidden transmitters. Switch to AUDIO CONFORM mode to 
distinguish between localised bug transmission and normal legitimate signals such as 
pagers, cellular, taxis etc. Size 70mm x 100mm. 9V operation .........ccccccccccccsceesees £50.95 
QTX180 Crystal Controlled Room Transmitter 

Narrow band FM transmitter for the ultimate in privacy. Operates on 180 MHz and 
requires the use of a scanner receiver or our QRX180 kit (see catlogue). Size 20mm x 
67mm. OV operation. 1000M range ou... seeecccccecccccscecsscssescesesceesceveeececeececeseeseee. £40.95 
QLX180 Crystal Cointrolled Telephone Transmitter 

As per QTX180 but connects to telephone line to monitor both sides of conversations. 
20mm x 67mm. OV Operation. 1000M range .........ccccccccccccccsccecsssesescececeecececcecescece. £40.95 
QSX180 Line Powered Crystal Controlled Phone Transmitter 

As per QLX180 but draws power requirements from line. No batteries required. Size 
32MM X 37MM. Range 500M... ceccccccscccssesscsescssescsssevesesveseseveeeececececesceseee. £35.95 
QRX180 Crystal Controlled FM Receiver 

For monitoring any of the ‘Q’ range transmitters. High sensitivity unit. All RF section 
Supplied as a pre-built and aligned module ready to connect on board so no difficulty 
setting up. Outpt to headphones. 60mm x 75mm. 9V operation ..........cccccccccceeee-. £60.95 


A build-up service is available on all our kits if required. 


UK customers please send cheques, POs or registered cash. Please add 
£1.50 per prder for P&P. Goods despatched ASAP allowing for cheque 
clearance. Overseas customers send sterling bank draft and add £5.00 per 
order for shipment. Credit card orders welcomed on 0827 714476. 


OUR LATEST CATALOGUE CONTAINING MANY MORE NEW 
SURVEILLANCE KITS NOW AVAILABLE. SEND TWO FIRST 
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This month... 





A slight change to the magazine this 
month as we take a stand with our new 
opinion pages. Industry pundits Barry 
Fox and lan Burley make their views 
known on the subjects of advertising 
and multimedia. 

Multimedia also features in one of 
our show reports as does the bi-annual 
US consumer electronics show. All of 
the electronics hardware that you can 
expect to appear in the shops was on 
display. In fact, there was so much of it, 
we've had to split our report in two. 

| hope you fill in the reader survey on 
page 44 so that we can keep abreast of 
what it is you like (or possibly dislike) 
about the magazine. You may even get 
lucky and win one of Sony’s special new 
cassettes. 


Kenn Garroch, Editor 








“A 20M hard disk in a matchbox — page 18 


Next month... 





Photography 
Electronics in cameras and image 
storage plus CES part 2. 


Out On 6 August 


Cover illustration and design: Kenn Garroch (with inspiration from Steven Spielberg) 
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Letters 


Wavelengths 


If you have any comments, suggestions, subjects you think should be aired, write to PE 


Vista Address 


Your review of the Vistapro virtual 
reality program in Practical 
Electronics June 92 was very inter- 
esting. The only thing missing was 
the name of a supplier. The com- 
ment “Vistapro is available from all 
good software suppliers” is of no 
help at all. Can you name your 
source? 


P Wills 
Northampton 


The package is actually produced by 
a US company called Virtual Realiy 
Laboratories Inc but a UK distributer is 
PCConnections Tel 0706 222988 

It may also interest you to know 
that a new version of Vistapro will soo 
be available with improved flying 
sequences and the VR Labs are hoping 
to get hold of the Magellan radar data 
from NASA to produce maps of the 
surface of Venus. 


Photo-Video 


I read with interest your features on 
Kodak’s Photo-CD and would like 
to add a few comments. Firstly, I 
think that it is quite a nice idea but 
rather expensive and secondly, I 
can think of a cheaper and far more 
efficient way of doing the same 
thing. 

Since the quality of the screen 
image is limited by the resolution of 
the TV, the best quality result can 
never be better than that of the TV 
screen. What I suggest is to use a 
video recorder and a camcorder. 
Photographs taken with the cam- 
corder lasting up to 30 seconds can 
be stored in sequence on the video 
recorder. By using the still frame 
feature of the VCR, up to 1080 pic- 
tures can be stored on a 180 minute 
cassette tape if each is there for only 
10 seconds. I would think that this 
is easily long enough to fast for- 
ward and freeze frame on the 
desired image. 

A though that occurs at this 
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point is that the above technique 
has been possible for the past cou- 
ple of years and since I have not 
seen it mentioned elsewhere, there 
are only three reasons why it is not 
used. It doesn’t work, nobody has 
though of it before or nobody wants 
to bother. The last possibility seems 
the most likely but it could be 
rather upsetting for Kodak who has 
spent umpteen thousands of 
pounds developing its Photo-CD 
system. 


A Harshaw 
Birmingham 


Equipment Needed 


The meteor scatter feature in the 
June issue of Practical Electronics 
was most interesting. Could you 
possibly tell me of any manufactur- 
er of equipment that actually 
enables me to use this technique to 
send and receive information? 


M Shannon 
Swansea 


I'm afraid that no one here at PE 
knows of a suitable company. Perhaps 
our readers can help? 


Wanted: A cable 


Why is it taking cable TV so long to 
be installed throughout the UK? I 
am very keen to get my hands on it. 
Apparently you can get all the 
satellite channels and other services 
such as phones, and there is no 
interference. I thought that the 
cables could be laid in existing gas 
or water pipes by little robots. 


Henry Latham 
Hayes 
Middlesex 


The trouble, as usual, appears to be 
a lack of cash. The cost of installing 
cable is quite high as roads have to be 
dug up to run it past houses. Until 
these houses take up the option of using 








cable and it becomes a viable alternative 
to broadcast and satellite TV in the 
eyes of the public, the costs will remain 
quite high. Hopefully, within five to ten 
years, cable will take over completely. 


Mosquito Killer 


I have noticed a lot of high street 
chemists selling battery powered 
electronic mosquito killer devices. 
Can PE confirm if these gadgets 
actually work? And if they do, how 
do they operate. I would be inter- 
ested to know because I am going 
on holiday to the Isle of Skye this 
year and have heard the midges 
there are terrible. 

Congratulations on the new look 
of the magazine. 


Toby Lynch 
Streatham. 


PS How about a mosquito killer 
project? 


As far as we are aware mechanical 
mosquito killers are quite useless. The 
best deterrents are vapour blocks that 
are evaporated in special heaters or 
good smelly mosquito repellents. 


On-line Service 


I am thinking of getting a modem 
for my Atari ST, so I can access on- 
line services like CompuServe. 
Please can you explain the various 
different baud rates and protocols. 
Is it worth my while buying a 9600 
baud unit? — these are about £600 
each, which is more than I really 
want to spend. 


Peter Zamit 
Manchester 


Taking the time savings due to the 
higher speed and the saving in tele- 
phone bills into account, a 9600 baud 
modem is generally worth the extra 
cost — it will probably pay for itself in 
the long run. Take a look at our feature 
on page 30 for more details. e 

















EASY-PC, SCHEMATIC and PCB CAD 
Over 12,000 Installations 




















































BRITISH 
in 70 Countries Worldwide! DESIGN 
286/ 386/ 486 with AWARD 
Hercules, CGA, EGA or 1989 





VGA display and many 
DOS emulations. 
eDesign:-Single sided, 
Double sided and 
Multilayer (8) boards. 
eProvides full Surface 
Mount support. 
|| eStandard output 
includes Dot Matrix / 
Laser / Inkjet Printer, 
Pen Plotter, Photo- 
plotter and N.C. Drill. : : 
eTech Support - free. “po, ee 
¢| eSuperbly easy to use. : 
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- Options:-500 piece Surface Mount Symbol Library £48, 
1000 piece Symbol Library £38, Gerber Import facility £98. 
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e At last! A full featured Digital 
Circuit Simulator for less than 
£1000! 

e PULSAR allows you to test your 
designs without the need for 
expensive test equipment. 

e Catch glitches down to a pico 
second per week! 

elncludes 4000 Series CMOS 
and 74LS Libraries. 74HC/HCT 
libraries only £48.00 each. 

eRuns on PC/XT/AT/286/386/486 

with EGA or VGA. 


e NEW powerful ANALYSER Ill has 
full graphical output. 

e Handles R’s,L’s,C’s, Bipolar 
Transistors, FET’s, OP-amp’s, 
Tapped and Untapped 
Transformers, and Microstrip 
and Co-axial Transmission Lines. 

ePlots Input / Output Impedance, 
Gain, Phase & Group Delay. 

eCovers 0.001 Hz to > 10GHz 

e For PC/XT/AT/286/386/486 with 
EGA or VGA. 

e Very fast computation. 








eZ-MATCH II simplifies RF 
matching and includes many 
more features than the standard 
Smith Chart. 

eHandles transmission line 
transformers, stubs, discrete 
components, S Parameters etc. 

e Supplied with many worked 
examples. 

e Superbly easy to learn and use. 

e Runs on IBM PC/XT/AT/386/486, 
CGA,EGA,VGA. 

eldeal for Education and Industry. 
















For full information, Write, Phone or Fax:- e TECHNICAL SUPPORT FREE FOR LIFE! 
e PROGRAMS NOT COPY PROTECTED. 
Number One Systems Ltd. eSPECIAL PRICES FOR EDUCATION. 


REF: PE, HARDING WAY, ST.IVES, HUNTINGDON, CAMBS, ENGLAND, PE17 4WR. 
Telephone: 0480 61778 (7 lines) Fax: 0480 494042 
International: +44 -480-61778, Fax: + 44-480-494042 ACCESS, AMEX, MASTERCARD, VISA Welcome. 













Opinion 





agazines continually face a 
Mes dilemma. Should the 

advertising and editorial staff 
cooperate or work completely sepa- 
rately? 

It is a no-win situation. 

A science magazine campaigned 
against scaremongering advertise- 
ments for computer screen shields. 
The adverts played on the fears of 
pregnant women by suggesting that 
radiation from computers could harm 
unborn children. Because the maga- 
zine had a policy of independence, 
with no collusion between advertis- 
ing and editorial staff, the magazine 
ran the scaremongering advert. 
Readers must have wondered what 
on earth was happening. 

But readers will not trust a maga- 
zine if advertisements puffing a prod- 
uct “just happen” to appear on the 
next page from an article praising the 
product. This can happen if a journal- 
ist writes independent comment on a 
product which happens to be 
favourable, and the advertising staff 
see it the text in advance and use it as 
an opportunity to sell space for an 
advert. 

As Practical Electronics has car- 
ried advertisements for a piece of 
equipment which is likely to make 
bad news, here is some independent 
comment and news, after the event. 

“Slash your phone bills!!! 100% 
free dialling!!!” promises the advertis- 
er, Top Secret Electronics of Malton in 
Yorkshire. “After months of legal bat- 
tles we can now offer you the 
Creditcall from the inventors of the 
original Black Box”. 

The Black Box was a gadget devel- 
oped by electronics buffs, known as 
“phone phreaks”, twenty years ago in 
the US. It fooled the telephone system 
into giving subscribers free calls, by 
bleeping access codes into the hand- 
set. 

“Simply plug the remarkable 
Creditcall into any authorised socket, 
then plug your telephone into the 
Creditcall. It works by blocking the 
metering pluses on the line and sup- 
pressing the charge signals” explains 
the advert. “Beware of inferior copies 
being sold in London for well over 
£200 — save a fortune for just £34.95 
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plus £2.50 postage and packing”. 

All these gadgets look like a modi- 
fied two-way telephone adaptor 
(which lets two phones plug into one 
standard BT socket) and have a light 
emitting diode which glows red or 
green when the line is in use. 

“These devices are completely, 
utterly useless” says BT. “They do not 
affect call metering in any way”. 

But subscribers who use them see 
the light glowing and make long dis- 
tance calls round the world, thinking 
they will be free. Later they get the 
bill and discover they were not. 

The subscriber cannot then com- 
plain to BT about the call charges 
because that would give BT the 
opportunity to prosecute on the two 
counts routinely used against anyone 
caught trying to get free calls, 
attempting to defraud BT and illegal- 
ly using BT’s electricity. The com- 
plainant would also be in trouble 
from admitting the use of a telephone 
accessory not certified by the British 
Approvals Board for 
Telecommunications. 

The purchaser also cannot com- 
plain to the advertiser. Very small 
print at the end of the Top Secret 
advert warns that connection of the 
device is “strictly prohibited”, that it 
must not be used “without the full 
consent of the telecommunications 
system provider” and that “the unau- 
thorised obtaining of free telephone 
calls is a criminal offence”. 

Buried even further in the small 
print is a promise that money will be 
returned if purchasers are not “entire- 
ly delighted”. The twist here is that 
the no-quibble, money-back guaran- 
tee carries the proviso that the gadget 
must be returned in “received condi- 
tion”. BT’s engineers found that the 
gadget could only be used after a tag 
had been broken off. 

Anyone applying to buy the gad- 
get also has to sign a written declara- 
tion that they are “purchasing this 
unit as novelty only” and will not 
connect it to a telephone. 

BT can recall only one previous 
case of comparable cheek. An 
entrepreneur offered subscribers a 
service called “Billbusters”, for £7.50. 
It promised an end to all BT’s tele- 
phone bills. Those who paid got back 
a letter telling them to cancel their 
account with BT. They would then get 
no more telephone bills. 

Creditcall was also advertised by 








Barry Fox 


Is it right to advertise something that doesn't work? 


leaflet with local newspapers in York 
and Scarborough. This lead the North 
Yorkshire Trading Standards Officers 
to investigate, and see whether the 
adverts contravene the Trade 
Descriptions Acts and warrant prose- 
cution. Other TSO’s round UK are 
investigating other, similar, devices. 

The TSO’s have been working 
with a report produced by BT who X- 
rayed a Creditcall to see what was 
inside. BT’s X-rays showed a 330Q 
resistor in series with a diode (proba- 
bly type 1N4001 with probable peak 
inverse voltage rating of around 100 
volts), a capacitor of around 1nF 
value, and standard green LED. The 
LED lights only if the exchange line 
has incorrect polarity and the receiver 
is off the hook. Reverse polarity, does 
not necessarily cause a telephone to 
mis-operate. 

BT’s technical expert tested the 
device on a number of different 
exchange lines and found no effect on 
metering pulses and no effect on 
metered charges, either on incoming 
or outgoing calls. 

I phoned Top Secret Electronics 
who insisted that that the device 
worked, and sent me explanatory 
notes. These claimed that the device 
blocks metering by converting BT’s 
AC metering pulses into DC pulses. 
Perhaps significantly, the notes are 
marked “E&OE” at the bottom. They 
also confirm that the device is sold 
with a sticker tag which must be 
removed to use the device, and 
removal invalidates the guarantee. 

At around the same time, the 
national press reported that two peo- 
ple in Wales had been jailed for up to 
eight months, and fined £6000, with 
costs. After just three weeks in busi- 
ness three hundred people had paid 
them £32,000 for meter-fooling sock- 
ets which did not work. The judge 
said that those who had bought the 
devices were “greedy and unprinci- 
pled, and no-one who had been 
fooled should be eligible for compen- 
sation”. 

So you have been warned. If 
something seems too good to be true, 
it probably is. There is no such thing 
as a free lunch. And always read the 
small print. = 














lan Buriey 


Multimedia in no longer tomorrow's technology 


exhibition, Multimedia ’92 at 

Olympia, and was left with the 
dull realisation that the technology 
on show there really was going to 
revolutionise the way we all soak up 
information. I like to think I knew 
this was going to be the case all 
along, but for the first time I didn’t 
have to imagine it. The products 
were there and prompting people in 
the industry to ask themselves how 
multimedia will impact on our every- 
day lives. 

To me multimedia was, among 
other things, a loose collection of 
interesting infant CD ROM or 
laserdisc technologies you could 
hook onto your PC and amaze your 
friends with. You went to see multi- 
media at special sections of PC shows 
and it was fun to look at but the 
thought of spending some hard cash 
on multimedia hardware never 
entered one’s mind. 

It was tomorrow’s technology. 

However, this show was different; 
this was a show where multimedia 
itself dominated, not the PCs or 
peripheral hardware or the media 
formats, but the purpose and utility 
of the technology itself. Multimedia 
is no longer just a curiosity, an acces- 
sory or a fascinating hint at tomor- 
row’s computing applications. 

The emerging impact of multime- 
dia even moved a group of informa- 
tion technology journalists to meet in 
a back room at the show to ask them- 
selves the sobering question, does 
multimedia technology threaten the 
written word? 

Multimedia is a modern day 
cliche, but what does it mean? The 
term multimedia — as has been oft- 
repeated — is many things to many 
people. For the sake of argument | 
define it as the ability to access large 
quantities of multi-format informa- 
tion interactively. By multi-format | 
mean pictures, sound, text and even 
motion video. Virtual reality would 
qualify under my definition and why 
not? There have been experiments 
with virtual reality garments like 
gloves which convey sensory touch. 
Nobody has cracked the olfactory 
senses yet, but I’m sure they’re work- 
ing on it. But | digress. 

As for ‘interactive’ the gathered IT 
hacks spent a good deal of time 
debating what that term meant pre- 


| Bae attended a multimedia 


cisely, but for me it means having a 
degree of control over the flow of 
information you have access to, 
enabling one’s responses to that 
information to dictate the process 
dynamically. This is what makes 
multimedia different to, say, televi- 
sion. TV has text, audio, pictures and 
motion video but it’s unidirectional 
and certainly not interactive. But 
with the spread of modern interactive 
cable TV, multimedia will be piped 
straight into the home. Multimedia 
TV could offer real-time voting, 
instant selection of movies, interac- 
tive access to centralised multimedia 
libraries and more. 

The most advanced form of multi- 
media I have experienced so far was 
a Northern Telecom telephone ser- 
vices demonstration. You could select 
which demonstration you wanted by 
choosing options on a touch screen 
monitor. One of these involved a 
demonstration of something similar 
to BT’s Star Services. A video of a 
woman appears on the screen and 
she explains what is about to happen. 
A phone by the workstation rings, 
the same woman is now talking to 
you on the phone and she’s telling 
you to push * and # buttons on the 
hand set and responding accordingly. 
It was surreal. 

Another example is the Pandora 
multimedia communications project 
being developed jointly by Olivetti 
Research and the Cambridge 
Computer Laboratory. Pandora is an 
experimental video phone system 
using powerful workstation comput- 
ers hooked into a very fast data net- 
work. You can record audio/visual 
messages for later viewing and edit- 
ing, have one-to-one video phone 
conversations or conferences. You 
can also tune into broadcast TV, 
video or a CD-player, with full con- 
trol over channels, track selection, 
stop, pause, etc. It would be a rela- 
tively trivial task to attach all sorts of 
multimedia information bases to 
Pandora. 

The thrust of today’s multimedia 
products lies in standards like CD 
ROM, CD-I, CDTV, Interactive Video 
and so on. CD ROM means at least 
650 megabytes of data on a single 
12cm disc. CD ROM versions of ency- 
clopeedias and other books one can 
loosely describe as ‘educational’ are 
obvious candidates for the multimeia 


Opinion 





CD formats. Not only can you read 
the text and enjoy the pictures and 
diagrams you would normally find in 
conventional books, but you can hear 
things and and watch them moving 
too. As one father who happens to be 
a director of a firm which makes mul- 
timedia add-ons for PCs said, multi- 
media technology is riveting for his 
kids. But so is TV — the difference is 
that the kids usually watch TV in a 
semi-stupor. Multimedia is a stimu- 
lating and educational but just as 
entertaining as TV. 

Most important of all multimedia 
provides you with control You can go 
back and repeat an animation 
sequence, the software may even be 
able to show the effect of some opera- 
tion you can control, like the Time 
Life Photography CD-I disc which 
can show the effects of over and 
under exposure on a picture as you 
‘change’ the camera settings, for 
example. 

Instruction manuals for complex 
products like business software pack- 
ages are now appearing in multime- 
dia form. There’s nothing more 
daunting than a six inch thick wad of 
books alongside a dozen floppy disks 
which need individual installation on 
your PC. A single CD ROM can 
replace all of this and by providing 
an interactive version of the manual 
on the disc a user can become profi- 
cient in his or her new software pack- 
age far more quickly than before. 

Given time, multimedia technolo- 
gy will evolve to provide us with 
gadgets which today’s efforts can 
only hint at. Conventional books will 
seem quaint artefacts of yesterday’s 
culture; cheap yet limited and even 
boring. We will be creating our own 
multimedia, not just buying it. 
Today’s trends towards computer 
presentation graphics is just a start. 
Reports, letters and even childrens’ 
scrapbooks could be ordered multi- 
media compilations. 

The multimedia industry will 
remain confused for quite a while yet 
as different formats vie for superiori- 
ty and the technology develops, but 
there’s no looking back now. & 


August 1992 Practical Electronics 7 








News 


Practical 
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News from Anthony Robertson 










raditionally the Summer months are quiet ones for com- 

puter specific announcements. Times are changing 

though, the world recession has brought many comput- 
er companies to heel. Now it seems, manufactures no longer 
wait for computer shows to come around in order to launch 
new products. 

Hypertec is one such company who have recently 
launched a booster card for IBM PS/2 users. A worthwhile 
power boost will prepare 80386DX based machines for a new 
generation of demanding software. Production versions of the 
new Hyperace 80486DX/33 upgrade board, can boost pro- 
cessing speeds by a factor of five! 

In use, the unit simply plugs into the existing 80386DX 

= processor socket of 
PS/2 models 70 and 
80. Processor replace- 
ment is actually 
| preferable to adding a 
| numerical co-proces- 
sor to existing instal- 
lations — the tradi- 
tional numerical 
coprocessor route to 
increased processing 
speed is limited by 
the application in use. 
Replacing the 
80386DX micro pro- 
cessor with the 
Hyperace 80486 
based unit running at 
33Mhz makes a lot 
more sense as the 
power boost will 
increase the perfor- 
mance of every soft- 
ware package run. This booster retails at £899. Further infor- 
mation can be obtained from Colin Lillywhite, Hypertec 
Europe Limited, on 0672-63936. 


Dual Computer? 


When is a laptop not a laptop? When its a desktop of course! 
Now before you think this columnist is going mad, let him tell 
you about the Cordata SX. 
Many desktop owners shy away from laptop computers 
because of the obvious lack of expansion. If only a Laptop 
could remain 
—— fe portable and power- 
ful for travel purpos- 
es, yet possess the 
facility for expansion 
to full desk top speci- 
fications. A pipe 
dream? No a reality 
with Cordata 
Technologies of 
Compton, California. 
The Cordata SX 
offers the best of both 
worlds being a pow- 





Upgrade from 80386DX to 80486DX painlessly 





Two for the price of one? 
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erful 16 Mhz 80386SX 
portable on one hand. Yet 
able to integrate with a 
docking station to become 
a desktop equipped with 
plenty of space for expan- 
sion and additional stor- 
age. 

Complete with a VGA 
LCD Screen and Super 
VGA graphics card, a full 
AT keyboard complete 
with detachable numeric 
key pad, IMb RAM plus 
40Mb hard drive, and a 
144Mb_ floppy. The 
Cordata SX costing £790 
(exclusive of VAT) is now 
available in Great Britain, 
from UK Home Computers 
of Swindon, Tel: 0793- 
695034. 


Logitech Deal 


Logitech has announced a deal with GRiD systems 
Corporation, a leading player in the pen-based computer mar- 
ket. GRiD has purchased a digitising tablet and wireless pen 
from Logitech to incorporate in the GRiD PalmPAD, billed as 
the world’s first wearable PC. 

The PalmPAD can be used in the hand or worn on the 
wrist. It can also be attached to the belt or carried on the 
shoulder in a durable case and is capable of withstanding 
three foot drops. For more information please contact 
Logitech on 0344-891313. 


Datac's Award 


Datac’s new keypad for its DC Series hand-held comput- 
ers has won a design award sponsored by the Membrane 
Switch Manufacturers Association. The keypad was entered 
by its manufacturers, Danielson Limited. 

The Datac DC Series is specifically designed to perform 








GRiD’s PalmPAD wearable PC 





Pic 4 - caption could be - Dacom’s award winner 


data acquisition, storage and transmission in harsh environ- 
ments, and the larger keys make it easier to operate with cold 
fingers or when wearing gloves. The 36 key alpha-numeric 
multi-function membrane has auto repeat, audio click and 
tactile mobile feedback, and custom designed options are 
available. 

The DC Series comprises four models of hand-held com- 
puter, with two-or four line display with optional back-light- 
ing and a wide range of memory sizes. For more information 
please contact Datac on: 061-941-2361. @ 











Take the Sensible Route! 





Boardmaker is a powerful software tool which provides a 
convenient and fast method of designing printed circuit 
boards. Engineers worldwide have discovered that it provides 
an unparalleled price performance advantage over other 
PC-based and dedicated design systems by integrating 
sophisticated graphical editors and CAM oufputs at an 
affordable price. 





In the new version V2.40, full consideration has been given to 
allow designers to continue using their existing schematic 
capture package as a front end to BoardMaker. Even 
powerful facilities such as Top Down Modification, 
Component renumber and Back Annotation have been 
accomodated to provide overall design integrity between 
your schematic package and BoardMaker. Equally, powerful 
features are included to ensure that users who do not have 
schematic capture software can still take full advantage of 
BoardMaker’s net capabilities. 


BoardMaker V2.40 is a remarkable £295.00 (ex. carriage & 
VAT) and includes 3 months FREE software updates and full 
telephone technical support. 





BoardRouter is a new integrated gridless autoroute module 
which overcomes the limitations normally associated with 
autorouting. YOU specify the track width, via size and design 
rules for individual nets, BoardRouter then routes the board 
based on these settings in the same way you would route it 
yourself manually. 


This ability allows you to autoroute mixed technology designs 
(SMD, analogue, digital, power switching etc)in ONE PASS 
while respecting ALL design rules. 





No worrying about whether tracks will fit between pins. If The 
track widths and clearances allow, BoardRouter will 
automatically place 1,2 or even 3 tracks between pins. 





You can freely pre-route any tracks manually using 
BoardMaker prior to autorouting. Whilst autorouting you can 
oan and zoom to inspect the routes placed, interrupt it, 
manually modify the layout and resume autorouting. 


BoardRouter is priced at £295.00, which includes 3 months 
FREE software updates and full telephone technical support. 
BoardMaker and BoardRouter can be bought together for 
only £495.00. (ex. carriage & VAT) 


Tsien (UK) Limited 

Cambridge Research Laboratories 
181A Huntingdon Road 
Cambridge CB3 ODJ UK 

Tel 0223 277777 


tS1@EN Fax 0223 277747 





All trademarks acknowledged 
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News 








Innovations 


A roundup of the latest happenings in the wide world of electronics, science and technology. 





Keeping Kool 
nstalling an Intel 80486 
microprocessor in a com- 

puter is not as simple a task 
as it might seem. Because of 
the chip’s high speed, espe- 
cially the 486-33 and the 
new DX2s, it is able to gen- 
erate a lot of heat — a sur- 
face temperature of 76.8C 
was measured on one 486- 
33 after an hour of opera- 
tion. Unless special precau- 
tions are taken the life of 
the processor can _ be 
reduced and the machine 
will throw up inexplicable 
errors and even crash unex- 
pectedly. 

The solution is to put in 
a more effective cooling 
system such as CPU Kooler 
from PCubid Computer 
Technology which keeps 
the surface temperature of 
the chip only 5.6C above 
the ambient temperature 
inside the computer’s case. 
The device attaches to the 
top of the microprocessor 
and consists of a small fan 
and a finned heatsink. 
Power for the 12V motor is 
derived from a spare flop- 
py disk drive connector 
available in most PCs. 
Alternatively, a 5V version 
is available for direct con- 
nection to the main board 
power supply. 

The manufacturer of the 


Kooler, PCubid, found that 
a number of requests for 
the device were from peo- 
ple who thought they had 
purchased new 50MHz 
486DX50 machines. On 
removing the heatsinks 
from the microprocessor 
chips they discovered that, 
in fact, they were DX2- 
25/50. These run at 50MHz 
internally using Intel’s 
speed doubling technology 
but the rest of the system, 
the bus, memory and soon, [i 

runs at 25MHz. 
Unfortunately, most PC | 
speed test programs will 
say that such a system is 





A This plated through hole, double sided printed circuit board was 





indeed a 50MHz machine 
because the timing pro- 
grams run within the on- 


produced by UK Electronics of Oldham. It measures 1219mm x 
381mm x 3mm and has some 6000 connections and 100m of track. 
Used for a video surveillance systems, it must be among the 


chip cache memory and 
don’t need to access the 
slower board memory. The 
lesson from this is that 
when buying a 50MHz 486 
PC, make sure the whole 
thing is 50MHz and not just 
the insides of the micropro- 
cessor. a 


largest PCBs ever made commercially. 








he Cyrix Cx486SLC micropro- 

cessor announced in the June 
edition of Practical Electronics 
has found its way into the 
portable computer market 
already. The Wyse DecisionMate 
486SLC costs £1555 with 
4Mbytes of memory and an 
80Mbyte hard disk drive. Wyse 
0734 342200 > 
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ercury Comm-unica- 
tions has announced 
that from August, it will 
be using an twin comput- 
er system to control its 
exchanges. Used with 
0500 toll free, 0645 local 
call and 0839, 0881 and 
0660 premium rate ser- 
vices, the Intelligent 
Network automatically 
transfers calls to the cor- 
rect number by means of a 
look up table. 
In practice, two service 


he Mini EL pictured on 

the right is one of a 
number of vehicles that 
took part in the electric 
vehicle rally organised by 
Eastern Electricity in 
Ipswich. Also in the pro- 
cession were one of the 
most modern electric 
cars, the LA 301 and one 
of the oldest, an electric 
lorry. 

The LA 301 won a 
major competition in Los 
Angeles USA to find an 
electric vehicle that could 
be used in the city yet 
contribute no pollution. 
Designed as a petrol 
hybrid, the car is built 
along very aerodynamic 
lines and has a range of 
150 miles. e 








control points and central 
switching points are used, 
one based in Manchester 
and one in Birmingham. 
On receiving a premium 
rate, toll free or local call 
number, the intelligent 
network translates the 
number dialled via a pre- 
defined table to a “trans- 
late to” number which is 
where the call will eventu- 
ally end up. The advan- 
tage of using tables in a 





tents can be changed at 
very short notice . They 
also offer facilities such as 
only routing calls to spe- 
cific numbers at a certain 
time of day or day of the 
week, passing on the orig- 
inating telephone number 
and making intelligent 
decisions on where to 
route calls depending 
upon the number of lines 
available at the receiving 
end. 





News 


In Brief 


ictures that used to be con- 
fined to PC monitors can 
now be displayed on a TV and 
recorded on video using the 
VGAPAL card from RDA - Tel. 
0242 510760 
| petarass with some techni- 
cal training who live in the 
London area are urgently need- 
ed by the Royal Institute for the 
Blind to help with the mainte- 
nance of its populartalking 
book service. If you can help, 
please contact David Finlay- 
Maxwell at RNIB 0484-450982 
during the day, or 0484 604546 
evenings. 
feces is to launch a new 
credit card sized modem for 
its T2200SX and T3300SL 
range of notebook PCs. They 
feature V21, V22 and V22bis as 
well as MNP4 and 5 
Pas Europe has extended 
its printer range with the 
introduction of the B100 bubble 
jet. Offering a resolution of 
300dpi and a speed of 160cps, 
the machine costs £349. 
Contact Fujitsu Europe on 081 
573 4444. 
f betes in japan has 
announced reductions in the 
cost of its HDTV receivers. The 
36in model will now cost ¥2.4 
million (about £10,200) making 
it the cheapest in the market. 
Toshiba has also launched a 
new Hi-Vision 70in screen dis- 
play unit at ¥10 million 
(£42,000). Since November 91, 
8 hours of HDTV programming 
has been transmitted every 
day in Japan. 
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|| Happy Memories 

















Motherboards 
‘The PC 80286 20MHz EMS on board , Up to 4Mb RAM £72 
e 80386SX 25MHz Up 7 1 si RAM oui All pee 
: : 80386DX 25MHz 32K Cache. Up to 32 1 
Constructo rs Choice 80386DX 33MHz 64K Cache i‘ £195 
A new book which is the definitive | go4g6sx 20MHz 256K Cache" £390 
guide to building your own PC. 80486DX 33MHz 256K Cache _'" £475 
Includes chapters on choosing the | 80486DX 50MHz 256K Cache £695 
best system; matching and sourcing] Diskdrives 
the parts required; instructions on | 5%4" 1.2Mb Floppy £43 3.%2" 1.4Mb Floppy £36 
putting them all together including | 40Mb 25Ms IDE 31" £149 104Mb 19Ms IDE 31/2" £229 
comprehensive trouble shooting IDE Controller for 16 bit bus. 2 x FDD & 2 x HDD £14 
and problem solving section; advice} Ditto with 2 Serial, Parallel and games ports on board £18 
on upgrading existing machines Video | 
and using second-hand parts. If youl VGA card, 16 bit 256K RAM, upto 800 x 600 resolution £25.00 
like to save money or just enjoy VGA card, 16 bit 512K RAM, upto 1024 x 768 £45.00 
doing-it-yourself then this book will | VGA card, 16 bit 1Meg RAM, 1024 x 768 in 256 colours £60.00 
be an essential part of your toolkit. | VGA paper white 14" inc. on-site warranty £89.50 







VGA colour monitor 1024 x 768 14" inc. 2 year on site warranty £245 


Sd Mi tere | I/O, plug-ins, miscellaneous: 








Memories 120Mb internal tape streamer (uses floppy controller) £199 

1M 9 SIMM 70 25.50 102 Key Tactile Keyboards £24.50 

Cg X NS MS compatible serial mouse, 9/25 pin adapter, software £13.95 

4Meg x 9 SIMM 70ns 109.95 2 serial, 1 parallel & games port I/O card £12.95 

fo a NE2000 compatible ethernet card £75.00 

Desktop or mini-tower case, power supply and all fittings £75.00 

MasterCard. VISA ie: 

.....d Floor standing tower case, power supply and all fittings £119.00 

MS-DOS 5.0 £5 DR-DOS 6.0 £45.00 


Carriage on Motherboards, Disk drives & Keyboards £5, Mice, Video & Controller cards, Software £3, Cases & Monitors £12 
IC’s free if over £20 nett, else add 75p. VAT to be added to the total. Full lists of IC’s & computer parts on request. 
Send orders to: HAPPY MEMORIES, FREEPOST, KINGTON »,HEREFORDSHIRE HR5 3BR 
TEL: (054 422) 618 FAX: (054 422) 628 


Service Manuals 
al IN 71F2 


We can supply Service Manuals for almost 

any type of equipment. Televisions, Video 

Recorders, Amateur Radio, Test Equipment, 

Vintage Valve, Any type of Audio Equipment, 
Military Surplus, etc. etc. 







All Makes and Models supplied, from the 
1930s to the present. 







* New MOSFET Amplifiers 
improved range of SMOS modules 
30W, 30+30W, 60W, 120W 


* 20 watt Class A Amplifier 


* Low profile PCB Transformers 
a range of encapsulated transformers 
4VA, 6VA, 10VA, 18VA, 24VA, 30VA 


Originals or photostats supplied as available. 
FREE Repair and Data Guide with all orders 
or SAE for your copy. 


Mauritron Services (PE) 
8 Cherry Tree Road 










Write or phone for data and prices... i 

which include details of standard range of Chinnor 

toroidal transformers and audio modules. Oxfordshire 
No price increase for 1992 OX9 4QY 






Tel: (0844) 51694 
Fax: (0844) 52554 






Jaytee Electronic Services 


143 Reculver Road, Beltinge, Herne Bay, Kent CT6 6PL 
II=[-)0) alo)al =o ( 0922470 CW ho VAs Sal or) al ( OPAPATA CT chow [0/41 
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Apple's Newton 


Apple unveils its long rumoured Newton Personal Digital Assistant — Arthur King reports. 


pple Computer, bet- 
ter known for its 
friendly to use 


Macintosh alternative to the 
ubiquitous IBM-compatible 
PC, chose CES to finally own 
up to the consumer electron- 
ics industry’s worst kept 
secret. Apple announced it is 
to use some core British 
technology and its computer 
know how to enter the con- 
sumer electronics market 
with an advanced pocket 
computer called a personal 
digital assistant or PDA. J 
Apple has formed a new 
division called PIE (Personal 
Interactive Electronics) to 
develop PDAs and there is a 
formal link up with Japanese 
electronics giant Sharp. 

Sharp will initially man- 
ufacture PDAs for Apple 
and also build its own ver- 
sions for the Japanese mar- 
ket. PDA system know-how 
will be licensed to anybody 
interested enough — a depar- 
ture from Apple’s reluctance 
to open up the Macintosh 
computer standard. 

In App 
“PDAs are digital devices 
which bridge the gap between per- 
sonal computers and consumer elec- 
tronics.” The first of these PDAs is to 
be called Newton, an “intelligent” 
electronic notepad which is likely to 
start selling early next year according 
to Apple supremo, John Sculley. The 
target price for Newton is around 
$800 (£450) or less. The notepad is 
designed to intelligently assist the 
user capture and organise informa- 
tion on the move. Apple is working 
on a number of projects which will 
form a family of devices all using core 
Newton operating technology. 
According to an Apple source if they 
don’t sell millions of Newtons over 
the next few years the project will 
have been a failure. 

The Newton shown at CES is a 
small device about the size of a filo- 
fax. It’s a computer, but it doesn’t 
have a keyboard and you can’t run 
Macintosh or PC-compatible software 
on it. Instead Newton provides its 
user with a suite of utility programs 
using artificial intelligence managed 









les own word, ii iii a ee 


by a brand new multi-tasking operat- 
ing system linked to an advanced 
character recognition user interface. 
Commands are entered by ‘writing’ 
onto the PDA’s LCD screen using a 
stylus. The writing appears on the 
screen as it is written, warts and all, 
but as soon as Newton recognises the 
characters it replaces your scrawl 
with computer-generated transla- 
tions. It’s a validation system which 
lets the user edit mistakes immediate- 
ly — if you write the name “Graham” 
and “Granam” is returned — you just 
replace the ‘n’ with an ‘h’ using the 
stylus. 

Newton also features an intelli- 
gent natural language command pars- 
er. The example given was that if you 
scribble “lunch Jane Thursday” as a 
schedule the Newton system trans- 
lates this into a command sequence 
which equates to a lunch appoint- 
ment with somebody called Jane at 
noon on the following Thursday. It 
will then delve into its database and 
suggest a particular “Jane” and ask 


Product Preview 


you to verify the entry. 

Character recognition is 
nothing new, but it is usu- 
ally slow and cumbersome 
in operation, often because 
portable battery powered 
computers which offer the 
facility don’t have enough 
processing horsepower to 
do the necessary computa- 
tion. 

This is where that 
British technology comes 
in. Newton uses a UK- 
developed RISC (reduced 
instruction set computer) 
microprocessor called 
ARM, which is short for 
Advanced RISC Machines. 
ARM Ltd is a spin-off com- 
pany from Acorn 
Computers, which was 
originally responsible for 
the design of the BBC 
Micro. Apple and Acorn 
have an equal 46% share in 
Cambridge-based ARM 
Ltd, with the remainder 
owned by the US chip 
manufac-turer, VLSI 
Technology. 

The ARM processor 
used is the new 610 model 
which comes from the same family of 
RISC processors originally designed 
in-house by Acorn to power the 
Archimedes workstation range. It’s a 
32-bit chip which delivers 15MIPs 
(million instructions per second) of 
processing power at a clock rate of 
20MHz. This is significantly more 
powerful than an equivalent Intel 486 
processor, which top-end PCs cur- 
rently employ. Unlike the Intel chip, 
and other RISC chips for that matter, 
the ARM610 uses very little power -— 
less than that used by a modest torch 
bulb according to Apple. Being small 
and relatively simple in design, ARM 
chips are very cheap too. 

The tie-up with Apple is a coup 
for struggling Acorn which has not 
found it easy to sell its technically 
more advanced ARM-based worksta- 
tions against industry standard PCs 
in its key education and hobbyist 
markets. Acorn’s share price had 
rocketed by 500% by the time Newton 
was announced officially. # 
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Show Report 


Summer CES 
in Chicago 














The first of two reports from lan Burley looks at the latest DCC, widescreen TV digital 
watches that sense gravity and an LCD fish tank. 


ractical Electronics regularly 
Peres the consumer electron- 

ics scene in the States. This 
usually focuses on the twice-yearly 
Consumer Electronics Show (CES) 
which alternates between Las Vegas 
(winter) and Chicago (summer). 
Here is the first of a two part report 
on this year’s Summer CES in 
Chicago. 

Traditionally, CES is a trade- 
only event but to boost the declin- 
ing summer event this year, the 
public was allowed in for the first 
time over the final two days. The 
audited figure for public attendance 
was over 90,000 in that period, a 
respectable figure but it didn’t seem 
too busy. 

The average punter was proba- 
bly left feeling suitably dazzled by 
the exhibits, but the gaping holes 
this year’s Summer CES line up cer- 
tainly disappointedme. No less 
than JVC, Sony, Sanyo, Canon and 
Fuji, among others were missing 
from the main show floor. In fact 


Sony had a large number of new 
products (which we will cover next 
month) but was content to operate a 
mini-show out of its new down- 
town Chicago showrooms. A big 
surprise was the non-appearance of 


Technics' RS-DC10 takes DCC cassettes. 
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DCC gets the hard sell in Chicago. 





Commodore and CDTV. The com- 
puter company’s CDTV multimedia 
system was launched in Chicago in 
a blaze of publicity just two years 
ago. Commodore’s absence com- 
bined with the accelerating promi- 
nence of Philips’ rival CD-I must 
place a big question mark over the 
future of CDTV. 

However, Panasonic/Technics, 
Toshiba, Sharp, Casio, Apple and 
most notably of all, Philips, were 
left to happily dominate. Philips 
probably deserved first prize for the 
biggest and most accessible stand 
with some of the most interesting 
leading edge technology on dis- 
play- Digital Compact Cassette 
(DCC) and CD-I, including continu- 
ous demos of CD-I full motion 
video (FMV) (see PE last month for 
CD-I launch feature). However, 
Apple probably stole Philips’ thun- 
der with the out of show announce- 
ment of the Newton Personal 
Digital Assistant. 

DCC was first shown at CES 18 
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RCA sports some wider screens. 


months ago in Las Vegas. To recap, 
DCC is a digital audio tape format 
which Philips has developed from 
the ubiquitous analogue audio cas- 
sette which has been around for 
over twenty years. DCC decks can 
play both the new and old kinds of 
tape, a major advantage over Sony’s 
failed DAT format. Philips’ clever 
digital heir apparent to the compact 
audio cassette realm is just about 
ready to roll. DCC decks should 
appear in US stores in October. 
Initially these will be mainly high- 
end models from Philips and 
Technics. The former will sell for 
around $600 (£335) while Technics 
fits in higher up at the sub $1000 
(£560) level. Philips subsidiary, 
Marantz, is will also introduce DCC 
decks this year. 

The prices are disappointingly 
high, but we can probably expect 
price cutting near to Christmas. It’s 
interesting to note that that Sony 
aims to launch its rival MiniDisc 
system at roughly the same time 
but is clearly targeting the lower 
cost portable/walkman market 
which Philips will turn its attention 
to later. Don’t forget they have cross 
licensed their respective DCC and 
MiniDisc technologies. Philips 
demonstrated in car DCC players, a 
market DCC’s designers took very 
seriously with tough high tempera- 
ture cassette specifications, but in- 
car DCC won't be available until 
next year. Both BASF and Panasonic 
announced the imminent produc- 
tion of blank DCC cassettes. 

16:9 aspect ration wide screen 
TVs were much in evidence this 
year. Panasonic, Toshiba, Philips 


and Thomson 
RCA all showed 
wide screen 
models, though 
none of these 


are compatible 
with high defi- 


nition TV 
| (HDTV) broad- 
casts. US 


Federal authori- 
ties still have to 
choose a winner 
in the HDTV 
race and it’s 
likely to be a 
couple of years 
yet before any 
serious HDTV 
broadcasting 
happens. 
Instead the pun- 
ters were being introduced to the 
delights of watching wide screen 
video versions of their favourite 
movies or footage from an increas- 
ing number of camcorders which 
offer a wide-screen recording 
option. Toshiba even featured a bat- 
tery of its widescreen sets, each TV 
dedicated to a repeated showing of 
a full length wide screen version of 
a recent feature film. If that wasn’t 
enough, the Batmobile from the 
recent Batman movie was parked 
conveniently close by. 

Staying with televisions, 
Panasonic was showing off its new 


SuperFlat tube which is claimed to 
be 30% less curved than first gener- 
ation FST (flatter squarer tube) tele- 
visions. The new tubes have a 
claimed 46% improvement in con- 
trast and an extra dark screen. A 
barium coated I-cathode electron 
gun is supposed to last longer and 
has improved edge focussing. 
Panasonic says its SuperFlat tubes 
can display resolutions up to 750 
horizontal lines. This is in high reso- 
lution monitor territory and almost 
double the resolution of hi-band or 
S-VHS video. Some models have 
enhanced audio specifications 
which makes them more at home in 
a HiFi catalogue — dbx noise reduc- 
tion and an onscreen graphic 
equaliser plus stereo surround 
sound decoding. Panasonic also 
offers twin-tuner sets which no 
longer need a video recorder tuner 
to feed the picture in picture facili- 
ty. Then there’s a fuzzy logic pic- 
ture controller which continuously 
monitors the display and is capable 
of adjusting the contrast of one par- 
ticular area of the screen. 

Casio had one of the bigger 
stands at CES. The firm’s two main 
attractions this time were its SF-R20 
Executive BOSS personal organiser 
and a new divers’ watch with elec- 
tronic depth sensing. The SF-R20 
BOSS is Casio’s most ambitious per- 
sonal organiser to date. 256K mem- 
ory is supplied as standard and an 


Casio‘s 256kbyte Business Organiser Scheduling System. 
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Also from Casio: left a ladies watch, centre the G-shock model and right, the diver special. 


extra 256K can bring total capacity 
up to half a megabyte. A Lotus 1-2- 
3 compatible spreadsheet is built in 
and the various standard utility 
programs can be windowed on top 
of each other on the 40 character by 
10 line LCD screen. The $450 (£250) 
Casio is about as far as you can get 
without actually qualifying as a 
pocket PC. A link up kit to 
exchange data with a PC or Apple 
Mac is an optional extra. It’s serious 
competition for Psion’s Series III 
organiser which has had rave 
reviews in the States. 

From the company which 
brought you the wristwatch heart 
and blood pressure monitor, or the 
wristwatch weather station, how 
about the ‘Depth Meter’ or ‘G- 
Shock’ watches? Casio describes its 
Depth Meter watch (model SNK- 
100-9V) as a dive computer on your 
wrist. A built in sensor can tell you 
how deep in the water you are and 
it can remember the deepest you 
went as well as the duration of your 
dive. The $130 (£72) watch has a 
depth limit of 100 metres. If you 
want to go deeper, you may have to 
settle for Casio’s G-Shock watch 
(model DW-6100-1V). This $90 (£52) 
watch forsakes the depth sensor for 
water resistance to 200 metres and 
offers a simpler temperature sensor. 

Sharp always offers an interest- 
ing pause during one’s voyage 
through the the CES technology 
archipelago. Once again Sharp was 
showing its active matrix colour 
LCD prowess by feeding a scattered 
selection of wall-mounted screens 
with a stunning tropical aquarium 
view. I’m sure some of the visitors 
to Sharp’s stand thought they were 
looking at the real thing. Less con- 
vincing was Sharp’s colour LCD 
‘museum’ display. 
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Hinting, perhaps, at what is to 
come with its recently announced 
collaboration with Apple on the 
Newton project, Sharp showed a 
much less ambitious yet impressive 
enough pen-sensitive personal 
organiser, the OZ-9600 Wizard 
(known as the IQ in the UK). The 
9600 features a 320 by 200 pixel 
touch screen (up to 53 characters by 
30 lines) but there’s also a mini- 
QWERTY keyboard. The screen, 
which can sense fingertips as well 
as pens or styli, offers a multi-task- 
ing and graphical user interface 
(GUI) complete with icons and win- 
dows. Unlike more advanced pen- 
input computers, the 9600 can 
accept scribbled input via the screen 
but there is no attempt to recognise 
written characters or diagrams. 


Sharp's LCD fish tank. 


They are simply stored as graphical 
notes for later perusal by the user. 

This has to be the simplest form 
of so-called electronic notepad. It’s 
actually not as useless as it sounds. 
By managing where the scribbled 
information is stored, you have the 
convenience of a notepad over a 
keyboard and the vestiges of a 
database system. Utility programs 
include a calendar, to do list, three 
phone directories, business card 
directory, word processor, scrap- 
book, outline processor, calculator 
and a world clock. 256K memory is 
built in, the contents of which can 
be backed up to a removable memo- 
ry card in just five seconds. Another 
feature of the 9600 which mirrors 
the Apple Newton is wireless com- 
munications. Files can be 
exchanged with external computers 
via optional infra-red transmitter 
receivers. Terminal software is also 
provided for modem connections to 
electronic mail services. The OZ 
9600 won’t be on sale until the end 
of the year and Sharp wasn’t specu- 
lating on prices at the show. 

That’s all we have space for from 
CES this month. Next month we 
complete our CES roundup with a 
glut of new products from Sony and 
AT&T, plus a look at the US 
videogame price war and moves at 
the show to publicise digital audio 
broadcasting and interactive cable 
TV. ” 
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New Products 


New Product 
Developments 


lan Burley looks at Sharp's latest IQ, Vortec and Olivetti's A5 computers, a new form of 


image enhancement and the world’s smallest hard disk drive.. 





The World's smallest hard disk drive 


Hard Disc In A Matchbox 


Hewlett-Packard has announced 
Kittyhawk, the world’s smallest-yet 
hard disk drive mechanism — its 
glass platter is just 33mm in diame- 
ter and HP had to work with watch 
specialists Citizen in order to tackle 
the challenges of the unit’s minia- 
turisation. US telecommunications 
and computer giant AT&T was also 
involved in the development of 
Kittyhawk. 

Kittyhawk, which Hewlett- 
Packard describes as a Personal 
Storage Module (PSM), has a data 
storage capacity of just Over 20 
megabytes yet the drive weighs less 
than a single ounce. Dimensions are 
10.2mm high, 51mm deep and 
36.6mm wide. HP expects that 
within a couple of years the capaci- 
ty of future Kittyhawk versions 
could reach as much as 200 
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megabytes through the continued 
development of super-flat and rigid 
glass disk platters. Rival 1.8in hard 
disk drive technology which looked 





SO impressive when it was intro- 
duced last year now looks obsolete, 
though these larger drive formats 
(including 2.5in drives) could sur- 
vive through lower cost. At this 
level the smaller you get the more it 
costs to make the mechanisms, ini- 
tially at least. 

There are several other benefits 
inherent with tiny dimensions. 
Kittyhawk can withstand compara- 
tively large levels of physical shock 
because all the components are very 
low in mass. HP says a Kittyhawk 
will survive a drop of three feet and 
can withstand ten times more shock 
than 1.8in and 2.5in mechanisms. A 
specially developed chip prevents 
head crashes by sensing when one 
may be imminent and lifting the 
head clear. The drive only con- 
sumes 1.6 watts of power in typical 
operation, falling to 15 milliwatts in 
sleep mode. AT&T’s contribution to 
the project was to reduce the 18 or 
so chip count of typical mini hard 
disks to just seven. 

HP sees Kittyhawk drive tech- 


Improved images 

















nology as a serious challenge to 
other compact solid state data stor- 
age mediums like flash memory. 
The latter remains relatively expen- 
sive in high capacity configurations 
at around $50/megabyte while 
Kittyhawk will offer a cost of 
approximately $12/megabyte. 
33mm drives are ideal candidates 
for the next generation PCMCIA 
expansion card standard which is 
based on very slim credit card sized 
devices. 


Fractal Enhancement 


Following up its highly impressive 
hardware based Fractal Transform 
image compression system last 
year, Iterated Systems has now 
released a software-based compres- 
sion system and unveiled a new 
Resolution Enhancement technolo- 
ey based on Fractal Transform tech- 
niques. 

Fractal compression systems 
convert complex image components 
into compact mathematical formu- 
lae which take up very little space 
compared to the original data, typi- 
cally as little as 1% of the original. 
Hardware acceleration was origi- 
nally required to make the com- 
pression process fast enough for 
volume applications, but Iterated 
Systems has since produced a 


The Comfax ad-on for the IQ. 
















The Sharp 10-8400 


Microsoft Windows software-based 
compressor aimed at users who 
can’t justify the cost of the PC card 
solution. Although comp-ression is 
time consuming, decomp-ression of 
FIF data (Fractal Image Format) is 
relatively fast and so doesn't 
require hardware accele-ration. 

A criticism of 
fractal comp-res- 
sion by users who 

require very high 
quality images is 
that the compres- 
sion process is not 
‘lossless’ and side 
by side image 
comparisons 
before and after 
compression 
reveal tiny but vis- 
ible discrep- 
ancies. Iterated’s 
new Resolution 
Enhancement 
technology is a 
lossless system 
which improves 
the quality of dis- 
played images 
considerably and 
is ideal, according 
to Iterated, for use 
with desktop pub- 
lishing. Iterated 
Systems Lt 
Tel.0734 880 261. 


Sharp Raises Its IQ 


A new flagship model has been 
added to the Sharp IQ personal 
electronic organiser range. The new 
10-8400 has improved utility soft- 
ware and enhanced communication 
facilities. New ‘To Do’ and ‘Daily 
Schedule’ functions have been 
added along with a VT-100 
scrolling text terminal facility for 
use as a terminal via a suitable 
comms device like a modem. 

The 290g IQ-8400 has a 40x8 
character LCD screen capable of 
displaying pixel graphics. 256K 
RAM is built in, with 234K avail- 
able to the built-in applications 
which include a To Do reminder, 
Calendar, Scheduler, Telephone 
directory, Memo, Outline proces- 
sor, Business Card database and 
world time clock. Facilities avail- 
able via plug-in IC program cards 
are accessible by touching a labelled 
screen on the IC card window — 
which Sharp seems to think is a 
‘touch screen’ feature. 

A nice touch is that the sched- 
uler has a bar chart function to indi- 
cate your plans for the next 24 
hours. The chart is accessible from a 
two month calendar display which 
can itself indicate up to three 
planned activities against each date. 

You can connect your IQ-8400 to 
other IQ organisers via a special 
cable and transfer data between the 
two. Sharp also supplies an option- 
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The new Ab size Vortec. 


al Dataflex Pocket Comfax pocket 
modem for fax transmission of pre- 
prepared messages as well as data 
comms using the VT-100 terminal 
emulation. The IQ8400 can also be 
hooked up to an IBM PC compati- 
ble or an Apple Macintosh. 

The Sharp IQ-8400 is priced £259 
and looks set to give Psion’s excel- 


lent Series III Organiser a run for its 
money. Sharp UK: Tel.061 205 2335. 


Half Pint Computing 


So-called Notebook computers 
which took no more desk space 
than an A4 sheet of paper took the 
PC world by storm three years ago. 
A4 seems small, but if you’ve ever 





The Olivetti Quadermo. 
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used an A4 notebook you will prob- 
ably agree they’re far from pock- 
etable and can be surprisingly 
bulky. So how about an A5 portable 
computer — half the size of the origi- 
nal A4? Two large corporations, 
Olivetti and Samsung/Vortec, 
recently unveiled their A5 PCs to 
kick off what could be a very lucra- 
tive market. PC compatibility and 
AS dimensions may lump the 
Olivetti’s Quaderno and Vortec’ 
Booklet PC together, but in reality 
they offer quite different approach- 
es. 

The 1kg Quaderno is equipped 
with a relatively modest NEC 
V30HL processor. This puts it into 
the slower PC/XT class. The 
Quaderno is not designed for run- 
ning processor hungry application 
like Microsoft Windows. However, 
you do get DOS 5.0 in ROM and a 
20Mb hard drive, conveniently 
accessible personal management 
software applications and a voice 
memo recording function. Olivetti’s 
marketing message is that the 
Quaderno has been designed to 
allow its owners the freedom to 
write, record, develop and transmit 
ideas, thoughts and decisions in any 
place at any time. In other words 
it’s a grown up personal electronic 
organiser-come-dictaphone rather 
than a tiny desktop PC. A file trans- 
fer utility operating via the serial 
port 1s provided for exchanging 
files with another PC, like a desk- 
bound model. 

The voice facility is an interest- 
ing feature which more PCs are 
now offering as standard — includ- 
ing the new entry-level PC range 
recently announced by Compaq. 
You can digitally record a message 
via a built in microphone and inte- 
grate voice files into text documents 
as voice annotations. The audio is 
recorded into files on the hard disk 
and can be manipulated using 
record, play, stop, pause and fast 
forward/ rewind controls. 

Up to eight hours of use can be 
squeezed from the rechargeable bat- 
tery pack, which is exchangeable for 
six standard AA penlight batteries 
should you be caught short. There 
is also an optional car cigar lighter 
adaptor. 

IMb RAM is standard and the 
DOS is stored in a 512K ROM. 
There is a single PCMCIA IC card 
expansion slot which can be used 
for solid state memory storage. 
There is no space for an integral 
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Artist’s impression of the E-lamp. 


3.5in floppy drive, but an external 
one is available. The screen used is 
a 7in LCD giving a 640x400 (EGA) 
resolution in 8 shades of grey. 

In traditional Olivetti fashion, 
the Quaderno has had some decent 
industrial design applied to its case 
and the work of Mario Bellini has 
produced a stylish looking product. 
The Olivetti Quaderno is priced 
£699+VAT. 

Vortec has taken another route 
entirely to its A5 PC solution. The 
Booklet PC, which also weighs 1kg, 
has a 16MHz lower power con- 
sumption version of the ubiquitous 
286 processor. This means you can 
run Microsoft Windows on the 
Booklet without serious problems if 
you really must. A 40Mb hard drive 
(2.5in mechanism) is standard and 
options go up to 80Mb. 2Mb RAM 
is fitted. The screen is similar to the 
Quaderno’s offering 640x400 resolu- 
tion in 8 greyscales. All this extra 
power has to be paid for some- 
where and with the added factor 
that the Booklet takes just five AA 
batteries (alkaline or rechargeable) 
compared to the Quaderno’s six, it's 
not too surprising that battery life is 
just four hours compared to the 
Quaderno’s claimed eight hours. 

As with the Quaderno, you have 
to make do with an external floppy 
drive. A level Il PCMCIA IC card 
slot is fitted to take memory cards 
or the latest miniature card modems 
or network adaptors. DR DOS 6.0 is 
stored along with the BIOS code in 
internal flash memory. Not only 


does this free up hard disk space 
and reduce the number of power- 
hungry hard disk accesses required, 
but DOS or BIOS upgrades can be 
installed without physically remov- 
ing any chips. Personal manage- 
ment software is provided with the 
Vortec Booklet PC, but there is no 
voice recording system. The Vortec 
Booklet PC starts at £1599+VAT. 

What we have here with the 
Vortec is a valid attempt to squeeze 
the dimensions and functionality of 
a desktop PC into A5 dimensions 
while avoiding some of the limita- 
tions of true pocket PCs like Sharp's 
PC3000 or the Poget PC — neither of 
which have hard disk drives, for 
example. The Quaderno on the 
other hand is more like a very 
advanced personal organiser which 
has assumed PC-like functions. The 
two products differ sharply in price 
and expected application — definite- 
ly a case of different horses for dif- 
ferent courses. 

Olivetti: Tel.081 785 6666 

Vortec: Tel.081 862 9311 


Tuning Into Light 


When someone promises to revolu- 
tionise something as basic as the 
common light bulb, they’re bound 
to generate a lot of excitement. The 
spotlight has been shining brightly 
recently on California-based 
Intersource Technologies which is 
claiming that it has perfected a 
viable and economical replacement 


to the ageing and inefficient tung- 
sten filament light bulb. 
Intersource’s new lighting 
device, dubbed the E-lamp, uses a 
high frequency radio signal to 
excite a gas enclosed in a glass 
globe. The gas becomes a plasma 
which makes a phosphorescent 
coating on the inside of the globe 
fluoresce and so emit light. Power 
consumption is about a quarter 
than of an equivalent brightness 
conventional light bulb and an E- 
lamp will never suddenly conk out. 
As it ages, an E-lamp will simply 
and gradually lose its brightness. 
An operating life fourteen times 
that of an ordinary light bulb is 
claimed too. That is supposed to 
equate to a typical life span of about 
20 years. An E-lamp can be 
switched on and off instantly and 
can be dimmed — two key advan- 
tages over the currently available 
alternative efficient light sources 
which are compact fluorescent 
tubes. It’s no surprise that an E- 
lamp is likely to be quite a bit more 
expensive to buy than an ordinary 
light bulb, but it should be cheaper 
than alternative fluorescent units 
which still usually cost over £10. 
During the 1980s fluorescent 
replacements for conventional fila- 
ment bulbs were also heralded as a 
major breakthrough, but the high 
purchase cost has deterred would- 
be buyers even though they are 
cheaper in the long run. The E-lamp 
is less bulky, works more like a con- 
ventional bulb and promises to be 
cheaper than a fluorescent replace- 
ment. Success must be guaranteed, 
or is it? The cynics, some of whom 
happen to be big producers of con- 
ventional light bulbs, say they are 
worried about the possibility of 
radio frequency interference (RFI) 
and there is still some anxiety that 
the price is still too high to woo 
buyers away from cheap and cheer- 
ful conventional light bulbs. 
Intersource is confident that it can 
answer its critics and has the multi- 
million dollar backing of Columbus, 
Ohio-based American Electric 
Power Co. which plans to be the 
first volume E-lamp manufacturer. 
We certainly haven't heard the last 
of the E-lamp. s 
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Music On 





The Move 





Cover Feature 


In-car entertainment systems have now become an essential feature of the modern Car. 
Kenn Garroch takes a look at some of the latest technology. 


comfort travelling on the road, a 

good quality in-car entertain- 
ment system is rapidly becoming a 
fixture rather than an extra. 
Available systems range from basic 
radios offering FM/AM tuning 
with output into a simple pair of 
stereo speakers, to high power 
CD/Radio/Cassettes with a whole 
bundle of added extras including 
digital signal processing and RDS — 
a system that tunes the radio auto- 
matically. Indeed, some in-car sys- 
tems now rival the power, quality 
and price of home based systems 
and in many ways they are easier to 
use. 

How easy it is to use a car acces- 
sory such as a cassette player is 
vital in a situation where all of the 
driver’s attention should be on the 
road. Any uneccesary distractions 
such as having to turn over a cas- 
sette or tune in to the best radio 
channel are to be avoided. The lat- 
est in-car HiFi systems are almost 
completely automatic where possi- 
ble and require only a simple but- 
ton press for most functions — there 
is virtually never any need to take 
your eyes off the road. 


I: these days of high speed, high 





Elements 


There is a wide variety of in-car 
HiFi systems available, from a 
number of manufacturers. In gener- 
al, they all offer the same basic 
functions but usually under a vari- 
ety of different guises. 

Cassette systems will usually 
have the ability to play both sides 
of the cassette (auto-reverse), one 
after the other. Rewind and fast for- 
ward (review and cue) are also gen- 
erally available as is auto-stop. 
More advanced systems would also 
offer Dolby B and C noise reduc- 
tion, auto programme search and 
blank skip, high quality cassette 
heads and metal/CRO,/normal 
biases. In some ways, the cassette 
player is now the simplest unit in 
the system. 

Unlike cassettes, car radio sys- 
tems have become much more 
sophisticated over the past few 
years with the introduction of RDS 
(Radio Data System). In the bad old 
days, car radios had to be tuned by 
turning a knob until the desired 
program was found. More up-mar- 
ket systems had mechanical push- 
buttons that could be programmed 
to preselect stations. 


The Audioline 446 offers RDS for a mere £149.99 


The introduction of FM broad- 
casts on a European wide basis 
with increased quality of reception 
has lead to the problem that only 
small areas defined by the ‘line-of- 
sight’ are able to receive a signal 
from any  one_ transmitter. 
Neighbouring transmitters have to 
use different frequencies otherwise 
interference would ensue and 
reception would be impaired. For 
static receivers, this is not too much 
of a problem — once the programme 
has been tuned to a preset, it need 
never be changed. In a moving 
vehicle the radio must be re-tuned 
every so often to keep on listening 
to the same station. 

RDS provides a solution to the 
problem of retuning by transmit- 
ting a data signal along with the 
regular programme. This can be 
used to tell the radio where the next 
frequency is for a particular service. 
The radio can then automatically 
tune to the next strongest signal 
when the current one gets too 
weak. Of course, RDS provides a 
number of other services as well. 

In these days of heavily congest- 
ed roads, it is important to keep 
track of any traffic information. 
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In-car HiFi 


Radio Data Systems 


Until quite recently tuning into your favourite radio 
programme could be a fiddly business — most 
receivers tended to be left on one station, day and 
night. With the invention of RDS or Radio Data 
Services in the late 1990s all this has changed. An 
inaudible signal transmitted along with the usual mono- 
stereo information allows suitable radios to behave in 
an almost intelligent fashion. 

The RDS signal is transmitted alongside the usual 
FM station information as shown below. Mono 
receivers tune into the mono signal and their reduced 
bandwidth ignores anything above it. FM stereo 
receivers have access to the mono and stereo differ- 
ence signals. By combining the mono Left plus Right 
with the difference Left minus Right, adding them 
together gives L+R+L-R or L and L+R-L-R or R. The 
RDS signal is transmitted at three times the frequency 
of the pilot tone and can be picked up by suitably 
equipped FM receivers. 

One of the main features of RDS is auto-tuning. 








national stations the signals are transmitted on differ- 
ent frequencies depending upon the area. As a car and 
its radio moves from area to area, the radio automati- 
cally searches for the best reception of the particular 
station code. An additional feature is used in local 
radio where moving out of range would normally stop 
reception entirely. In this situation, RDS radios auto- 
matically tune to a related station, usually the area’s 
local BBC radio transmission. 

Another useful feature is used for receiving travel 
news. Stations which transmit travel information will 
also send out a TP (travel Programme) code over the 
RDS. When a travel announcement comes up a TA 
code causes the radio to tune into the relevant chan- 
nel. When used with the enhanced other networks 
(EON) feature, this can be used to interrupt other sta- 
tions, cassettes, CDs or even turn the radio on. 

As with all “additional extras”, not all radios offer all 
of the functions of RDS. A list of the functions and the 
standard codes is shown below. 


Each station transmits its own unique code and for 


PI Programme Identification Each station transmits a unique code that can be used in conjunction with 
the signal quality to obtain the best reception. 
AF Alternate Frequencies A list of the station’s frequencies tells the radio where to look for the best 


signal when moving between adjacent transmitter areas. 
RDS equipped radios can use this to display the name of the radio station. 


When stations transmit a travel news message, the radio will automatically 
change channels to receive it. : 


Cross reference information to other stations providing a similar service, 
for example other travel news. 


Accurate calendar/clock which self-adjusts for time zone changes making 
sure that the radio’s clock is always right. 


Allows the radio to select a type of listening rather than a particular station. 
There are 15 types of service classification: news, current affairs, informa- 
tion, sport, education, drama, science, cultures, varied speech (quizzes, 
comedy and so on), pop music, rock music, easy listening, light classical, 
serious classical, other music types. 

The radio can monitor whet is being broadcast and switch itself fully on for 
specific listening or to record a show. This then makes allowances for 
changes in scheduling. 

Information such as a cast list or the title of the current piece of music can 
be displayed of suitably equipped radios. 

Various features of the radio can be turned on and off remotely with this 
feature. 


PSN Programme Service Name 
TP/TA Travel Service 

EON Enhanced Other Networks 
CT Clock Time And Date 


PTY Programme Type Selection 


PIN Program Item Number 


RT Radiotext 


DI Decoder Information* 


MS  Music/Speech* The relative volume levels of music and speech can sometimes be very 
different or some people might not like listening to the DJ. This feature can 
be used to select the volume level for speech or music. 

TDC Transparent Data Channel Data transmitted on the RDS channel can be downloaded to the radio. 


RDS Features — * defines not in general use. 







Stereo difference signal RDS sub-carrier 





Mono signal 















Pilot tone 





L+R 


Signal level 
a 


53 O/ 


Frequency (kHz) 19 19 23 38 
——_> 
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In-car HiFi 





The Grundig WKC3880 offers RDS including full EON for £349.95 


Radio stations that regularly trans- 
mit such material will also send out 
a TP or traffic programme code on 
RDS. The radio can then tune into 
the strongest such signal in the cur- 
rent area. An additional feature is 
the TA code which comes up when 
a traffic announcement is imminent. 
The radio can then retune, increase 
the volume and even switch from 
cassette or CD so that the 
announcement won’t be missed. 
When used in conjunction with 
EON, the radio can tune into traffic 
announcements even when not lis- 
tening to a TP station. RDS has 
totally revolutionised the way in 
which car radios can be used. 

The other item in the car HiFi is 
the CD player. These can either be 
fitted on the dashboard and play 
discs in the usual way — shove them 
in and press go - or a multiple unit 
can be placed in the boot. This 
option adds to the security of the 
system as it cannot obviously be 
seen in the car. It also allows up to 
12 discs to be stored in the player 
and any track from any disc played 
by remote control from the dash- 
board. The high quality and general 
overall ruggedness of CDs makes 
them ideal for in-car use. The only 
drawback is that should the car go 
missing (presumed stolen), a whole 


twelve discs go with it, as well as 
the player. 


Amplifiers 

One thing that is unmistakable 
about car HiFi systems is that they 
are getting louder. Up to 400W of 
power is now easily available by 
means of a separate amplifier. 
Usually, this is spread between a 
number speakers in the car which 
can be made up from small tweet- 
ers, mid-range, woofers and sub- 
woofers. Some systems also offer a 
centre channel speaker to give sta- 
ble sound localisation and enhance 
the stereo imaging. To add to the 
overall quality and give the sound 
some ‘environment’ a digital sound 
processor can be used. This adds 
different amounts of delay to the 
various speakers to simulate stadi- 
ums, halls and even cathedrals. In 
addition, an automatic road noise 
controller listens to background 
noises made by the car and can 
boost various frequencies to com- 
pensate. 


Protection 


One of the biggest problems beset- 
ting car HiFi systems has been theft. 
Since most cars are relatively easy 


to break into and the most valuable 
item in view is the HiFi a lot of 
work has gone into deterring 
thieves. 

The most obvious solution has 
been to make the units removable. 
Simply lifting a handle and pulling 
removes the entire radio/cassette 
leaving an empty hole behind. The 
drawback with this is that every 
time the car is left anywhere, a 
bulky box must be carried off by the 
driver. If the HiFi is accidentally left 
in the car, it becomes even easier to 
steal. 

Another solution to the theft 
problem is to provide individual 
code numbers for each system. 
Entering the right code allows the 
system to work, the wrong code 
disables it completely. 

Yet another solution to the prob- 
lem is a removable facia plate. This 
is small enough to fit in a pocket 
but without it, the HiFi won’t work. 
When used in conjunction with a 
code number, this technique can be 
quite effective. 

Almost all modern HiFi systems 
offer some form of security feature. 
When considering the cost of the 
equipment and the high risk of los- 
ing it, it has become an essential 
feature. a 


The Panasonic CY-DA3000 digital signal processor offers complete surround sound. 


Panasonic 


Ose CONTROLLER DASOOO 


_ Ea3 eae 





August 1992 Practical Electronics 25 








Review 





Armour Plated 











in-car Cassettes 


Arthur King checks out a new audio cassette from Sony that has been especially designed 
to withstand the rigours of being on the road. 


cassette more than occasionally, 

you're bound to have suffered the 
inevitable tangled tape scenario. If 
you think about it, unless you happen 
to run a super smooth Roller with air- 
conditioning powerful enough to 
freeze a small town, a car dashboard 
must be one of the worst places imag- 
inable to site a tape cassette mecha- 
nism. Heat attacks from all angles - 
the greenhouse effect of a car parked 
in hot sunlight with the windows 
closed, heat seeping in from the 
engine compartment, the heating sys- 
tem and even heat generated by the 
cassette player’s own electric motor. 
But that’s only half the story because 
vibration and shock coming from 
both the engine and the road, takes 
things from bad to worse. Then again 
it astonishes me how a cassette, and 
even the driver survive the mega- 
watted blasting (mostly at ridiculous- 
ly low resonant frequencies) which 
some people appear to enjoy endur- 
ing and spend literally thousands of 
pounds on in power amplifiers and 
woofers to achieve. I personally long 
ago abandoned the idea of trusting 
any car stereo with my best HiFi 
recordings. My car tapes are all back- 
ups of the originals and all eventually 
end up looking like an audiophile 
piranha has been at them. 

Tape manufacturers, especially in 
the US where people spend a much 
larger proportions of their lives 
cocooned in a car, have become wise 
to the fact that the promise of a reli- 
able cassette tape designed specially 
with car stereos in mind can be a 
much needed boost to flagging sales. 
Indeed Philips went to great lengths 
to stress how much research and 
development had gone into the for- 
mulating heat and vibration resis- 
tance specification targets for the new 
digital compact cassette (DCC) stan- 
dard. Even if DCC, which HiFi buffs 


|: you drive a car and use an in-car 
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feel has a compromised sound quali- 
ty, doesn’t take off in the quality HiFi 
stakes it should remain popular for 
in-car systems. The comparatively 
noisy insides of even the most refined 
Roller means that DCC’s admittedly 
good sound quality won’t be judged 
‘not good enough’ for a long while 
yet. DCC had to appeal to the car 
stereo manufacturers right from the 
word go and DCC’s designed-in abili- 
ty for its cassettes to withstand con- 
tinuous 40C environments was one 
way of providing the required 
appeal. 

Sony has produced such an 
armoured car-tape of the more con- 
ventional variety. The Super Chrome 
Position UX Turbo (sic) C90s we’ve 
been torturing have all survived 
intact. The cassette shells are identifi- 
able by being unfashionably short on 
clear plastic window areas exposing 
the tape reels — opaque plastic is 
stronger than the transparent stuff. 
For extra rigidity the shell halves are 
welded together rather than bound 
by screws. Sony claims the plastic it 
uses can withstand 115 Celsius. Even 
the self-adhesive labels supplied are 
guaranteed not to peel off and 
migrate to the most delicate parts of 








your car stereo’s tape transport mech- 
anism. Surprisingly Sony’s attention 
to in-car requirements don’t seem to 
have extended to the delicate stuff 
which does a good job of wrapping 
itself around capstan rollers. 
According to Sony specification 
sheets the tape itself is identical to 
ordinary UXS90 stock. This isn’t half 
bad as Sony claims UXS has the least 
bias noise (-60.5dB) of any super 
chrome position tape. Other nice 
Sony touches include a non-slip grip 
for those changing-the-tape when one 
should be changing gears moments 
around multiple mini-roundabouts 
plus extra lumpy dimples for you to 
feel which side of the tape is which 
without taking your eyes off the road. 

I could probably be tempted to 
spend the extra dosh on UX Turbo 
tapes, especially if the hot summers 
we've been getting in recent years are 
here to stay. ee 





sony UX Turbo 90 Tapes are avail- 
able in twin packs at a recommend- 
ed retail price of £3.99 per pack — 
note that some retailers may offer 
reductions on this. 























SCHEMATIC DRAWIN 
FOR WINDOWS 


ISIS ILLUSTRATOR combines the high functionality of our DOS based ISIS products with the 
graphics capabilities of Windows 3. The result is the ability to create presentation quality schematics 
like you see in the magazines. ILLUSTRATOR gives you full control of line widths, fil styles, fonts, | 
colours and much more. When the drawing is complete, transferring it your WP or DTP program is 
simply a matter of cutting and pasting through the Windows Clipboard. 
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Features 


= Runs under Windows 3.0 or 3.1. 

= Full control of drawing appearance including line 
widths, fill styles, fonts, colours and more. 

m Curved or angular wire corners. 

a Automatic wire routing and dot placement. 

= Fully automatic annotator 

= Comes complete with component libraries; edit 
your own parts directly on the drawing. 

= Full set of 2D drawing primitives + symbol 
library for logos etc. 

= Output to Windows printer devices including 
POSTSCRIPT and colour printers. 

m Loads ISIS SUPERSKETCH and DESIGNER 
files directly. 





ISIS - Intelligent Schematics 





ARES - Advanced Routing 










ISIS SUPERSKETCH (from £69) PCB II (£69) 

A superb entry level schematic drawing package offering Our Graphical User Interface makes this PCB drafting 
all the editing features of ISIS DESIGNER but without package exceptionally easy to learn and use. Advanced 
the netlisting, bill of materials and electrical rules check features include Auto Track Necking, Gerber viewing, 
features. curved tracks, and DXF export. 








Extended device library available for an additional £30. ARES (£275) 
This package offers multi-layer, netlist based PCB 
ISIS DESIGNER (£275) design together with Power Plane Generation, EMS 
Provides all you need to create and edit schematics prior memory support and _ back-annotation to ISIS 
to further processing with ARES or other EDA software. DESIGNER+. 
Through the provision of user definable menu options 
and a special script language, ISIS acts as a ‘framework’ ARES AUTOROUTE (£475) 
from which you can control all your CAD software. Adds a multi-strategy auto-router to ARES to provide 
the ultimate in design automation. Special strategy 
ISIS DESIGNER+ (£475) management features allow all design rules to be 
This top of the range schematics package adds defined in ISIS so there is very little setting up to do. 
hierarchical design, automatic annotation/packaging, 
ASCII data import and Design Global Annotation to Also available as ARES 386 - a 32 bit version offering 
make it one of the most advanced schematics packages up to 400% faster operation, virtually unlimited design 
available for DOS. capacity and 1024x768 graphics support. 






















Call us today on 0274 542868 or 

fax 0274 481078 for a demo pack. 
Combination, multl-copy and educational 
discounts avallable. Prices exe P&P and VAT. 


14 Marriner's Drive, Bradford, BD9 4JT. 
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How It Works 








How it works .... 
Engine Management 


Derek Gooding opens the bonnet of his car to find out what is inside the black box that con- 


trols the engine. 


urely there is no comparison 
Gres days between the elec- 
tronics under the bonnet and 

the very early days of the first 
petrol driven automobiles? Those 
‘Good ol’ days when the roads were 
always clear, except for the herds of 
sheep or cattle. The open road. Next 
time you have the opportunity of a 
close look at an early vintage car, 
you will notice a number of levers 
around the driving position that we 
don’t have to worry about today. 

‘Advance/Retard, ‘Suction’. 
Such controls were fine for the 
enthusiasts willing to experiment 
and really learn how to drive, but 
more ordinary mortals would soon 
be in the driving seat. 

Manufacturers have eventually 
developed engines that are so user- 
friendly, the owners seldom lift the 
bonnet to see that all is well and 
few would be able to understand 
the systems involved let alone be 
able to repair them. 


Feedback 


From the early days car engine 
designs have followed a pattern of 
complex mechanical feedback sys- 
tems that produced a reasonable 
degree of engine protection and a 
smoother ride. Modern electronic 
systems also involve feedback; con- 
trol of fuel/air mixtures; fuel injec- 
tion; surge suppression; battery 
charging, and engine temperatures. 

The drawing shows a Lucus 
Engine Management System unit 
with its transistor circuits, this is a 
replacement unit for a 1970’s car, 
but at least we can see inside it. 
These days a ‘black box’ encapsu- 
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lated approach is used to protect 
the circuitry and it is worth know- 
ing that to cut open a modern box, 
after it has ended its useful life, is to 
be avoided, especially if the unit 
has been subjected to very high 
temperatures. The resulting liquid is 
very damaging to ones health. 

Full microprocessor control 
units are now in service as car man- 
agement systems, these enable step- 
per motors to operate and control 
the carburettor setting; if the tick- 
over of the engine drops to the 
point where the battery charging 
ceases, the feedback automatically 
causes the engine to speed up to a 
point where charging recom- 
mences. Sometimes ‘knock’ begins 
in one cylinder and does the engine 
no good at all, but the feedback to 
some microprocessor car systems 
actually enables immediate reaction 
to the knock sensor’s message and 
can retard just the one cylinder 
until the loading problem has 
passed. 

Long term aims of the big manu- 
facturers is to satisfy the demand 
for vehicles offering higher perfor- 
mance, better fuel economy, longer 
service intervals and lower emis- 
sion levels. Even the humble spark 
plug is about to go back into the 
laboratory for a full reapraisal so 
the future is looking good for 
motorists. 


Early Attempts 


Many unfortunately remember the 
early days of electronic ignition sys- 
tems where, without warning, the 
engine would just die. Some acci- 
dents may have happened because 


the electronics ‘gave up’ just as the 
driver put their foot down to com- 
plete an overtaking manoeuvre. 
One journalist always carried two 
‘spare’ units when test driving the 
new electronic box of tricks and on 
a number of occasions was forced 
to use them in replacement to final- 
ly get home again. 

Maybe next time you see a veter- 
an car rally, or the London to 
Brighton drive in November - 
where they celebrate the passing of 
the red flag safety walker who was 
forced by law to proceed any mov- 
ing automobile — you will notice the 
fact that the driver is working much 
harder than any modern driver. But 
it’s nice to know that in many ways 
the early drivers had it very easy 
indeed, for they only steered the 
vehicle . 


In The Past 


In the days of steam powered road 
transport the poor coal stoker at the 
back would control the power 
source for the driver. Coal dust 
experiments to ignite inside an 
engine cylinder proved difficult if 
not impossible but led to the devel- 
opment of the crude oil engine. 
Soon petrol driven automobiles 
were on the road, making the stoker 
redundant. Owners found the fun 
of steering had gone and they were 
expected to learn the complexity of 
the many levers, adjusters and tech- 
niques of the ‘new age’ machines. Is 
it not to be expected that few con- 
tinued to want to drive but instead 
re-deployed their stoker as driver. 
The French call their stokers: 
‘Chauffeurs’. a 
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Illustration by Derek Gooding 
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Commnications Feature 





Getting Wired Up 
And Going On-Line 











All you need to know to go about connecting up to the wide world of Computer 
Communications with Steve jackson. 


any people may be think- 

ing about buying a modem 

and going on-line with 
their computers but are not really 
sure of what is involved. The fol- 
lowing pages aim to shed a little 
light on communications for com- 
puters, and answer some of the 
more common questions. 

Owning a modem opens a door 
to a new world. It enables a small 
computer to access a vast network 
of information which is quite liter- 
ally world-wide. A modem brings 
the ability to connect to other com- 
puters to transfer programs, data, 
text files, news, exchange messages 
with other users and much much 
more, all at a press of a key. The 
possibilities are almost endless. 


Equipment 

To get on-line, various pieces of 
equipment are needed. In general, 
any items discussed in this article 
will apply to most types of comput- 
er system. 

Obviously, the first requirement 
is a computer able to provide some 
means of connecting to a modem. 
This is usually via a serial port of 
which the most common type is the 
RS-232 — a widely used standard 
throughout the world. All PC com- 
patible computers have a serial 
port, usually known as “COM1”. 
Machines such as the Amiga, ST, 
Archimedes and Apple Mac also 
have serial ports which adhear to 
the same standard. Older machines, 
such as the Commodore 64, may 
require an interface of some kind 
maybe or, perhaps, a dedicated 
modem designed for that machine. 

Unless they are based on an 
expansion card, most modems will 
connect to your RS-232 port via a 
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serial cable. This can be purchased 
complete from most computer sup- 
pliers but they are quite easy to 
make up if you prefer — a couple of 
connectors, some cable and a sol- 
dering iron are all that are needed. 
In practice, serial cables using the 
RS-232 standard can vary in com- 
plexity. The most basic cable only 
requires use of three pins — transmit 
data, receive data and ground. 
More complex cables can include 
data flow control and signals to 
show if your communications and 
computer equipment are actually 
on-line . 

At the other end of the cable 
from the computer is the modem 
itself. There are hundreds of differ- 
ent makes and models available; so 
much so that there is not room to go 
into them all here. Instead, a look at 
the main specifications and modem 
types plus a rough guide to the 
price of each — this is always an 
important factor of all computing 
topics, should give some idea of 








what to bear in mind when buying. 

One of the oldest types of 
modem is the acoustic coupler. 
There aren’t many of these around 
today, but they can be seen used in 
films such as War Games. With an 
acoustic coupler devices telephone 
numbers are dialed manually with 
a normal telephone. Once the 
remote computer system can be 
heard answering the handset is 
placed into the coupler. This allows 
the computer and the remote sys- 
tem to exchange data. 
Unfortunately, acoustic couplers 
are not very reliable. They are 
prone to interference from the out- 
side world and they only operate at 
very slow speeds — this makes them 
an option not worth considering in 
practice. 

The next step up from an acous- 
tic coupler are the older, but more 
reliable, manual modems. These 
come in various forms but use the 
same basic design and operation. 
Compared to more modern 
































modems they are a little dated but 
very cheap. These devices must be 
configured manually via switches 
and dials usually located on the 
front panel. Again, telephone num- 
bers must be manually dialed but 
the difference is that the handset 
doesn’t have to be placed into a 
coupler. The normal procedure is to 
simply flick a switch once the 
remote system replies and then put 
the handset down. Interference is 
not much of a problem but manual 
modems are limited in other ways. 
They can probably be picked up for 
under £50 second hand — it would 
be rare to find a new one nowadays. 
Speeds supported would be V21 
and sometimes V23 (300/300 and 
1200/75 baud respectively). 


The Best 


The best type of modem to look at is 
an automatic modem. The most 
common types are Hayes compati- 
ble and they all work in much the 
same way even though actual speci- 
fications may vary. Most of these 
modems can be controlled through 
software from the computer, 
although they often have manual 
switch settings available if you need 
them. Hayes compatible modems 
use commands that are issued via 
the keyboard of a computer or auto- 
matically by the communications 
software. This language allows you 
to completely configure the modem 
and use all its features. All have 
automatic dialling so there is no 
need to use a conventional tele- 
phone. The modem will also be able 
to autoanswer, so if there is an 
incoming call, the modem will pick 
up the line and carry out the con- 
nection by itself. 

The most basic type of Hayes 


compatible modem will 
offer V21 and V23 opera- 
tion. Next up is V22 (1200 
| baud) and then comes 

f V22bis (2400 baud). Most 
modems are downwardly 
| compatible, that is, a 


| V22bis modem will vary in 
| price but it is possible to 
| pick them up for under 
| £100. This does depend on 
| the manufacturer, whether 
| it is new or not, and what 
| features it has. The most 
| widely used standard is 

probably V22bis. It offers 
an acceptable transfer rate and is 
pretty much error free in most con- 
ditions. 

Noise on the telephone lines can 
always be a problem when using a 
modem and a high transfer speed is 
sort after because it cuts down on 
the phone bill. The problem here is 
that the faster the modems talk to 
each other, the more prone they are 
to interference. This is where error 
correction and data compression 
come into play. Some modems are 
advertised with such options as 
MNP 5 and V42bis. Modems of this 
type, when connected to a modem 
which offers the same facilities, will 
provide completely error free com- 
munications. They will also com- 
press the data so that a greater 
throughput is achieved. 
Unfortunately, this causes the price 
to start rising — over £100 in most 
cases. The thing to bear in mind is 
that the greater throughput the 
shorter the call time will be. This 
means a saving on phone bills, so in 
the long run it is worth while pay- 
ing more for a faster modem. 

Moving on to the top of the price 
range there are modems with very 
high speed capabilities such as V32 
and V32bis modems. These offer 





pression in MNP 5 


Common Modem Standards 


V21 300 baud, transfers data at 300 bps full duplex 

V22 1200 baud, transfers data at 1200 bps full duplex 

V23 1200/75 baud, receives data at 1200 bps and transmits at 75 bps full duplex 

V22bis 2400 baud, transfers data at 2400 bps full duplex 

V32 9600 baud, transfers data at 9600 bps 

V32bis 14400 baud, transfers data at 14400 bps 

V42 Error correcting protocol for modems. Packet based error detection and 
retransmission technique 

V42bis Data compression algorithm. Simple and compact technique giving up to 
three times the data throughput 

MNP 


Miracom Networking Protocol Error control in MNP 1 to 4 and data com- 


Getting On-line 





Systems To Go 


01 For Amiga — BBS — 071 247 9240 

CIX — Commercial — 081 390 1255 
Compuserve — Commercial — 071 490 
S881. 

Computer Pages — Free Commercial — 
081 751 1494 

Cyberspace — Commercial — 071 580 
6433 

DTP — BBS — 081 656 5190 

MAX — Large BBS — 0905 52536 

PDSL — BBS — 0892 667091 

TUG 2 — BBS — 0905 775191 

Most BBS systems have a list available of 
other systems that you can dial up, these 
are just a selected few. 
















speeds of 9600 baud and 14400 
baud and although the price of 
modems is falling all the time, a 
first class machine can easily cost 
over £400 pounds and, in some 


cases, over £1000. Again, this 
depends on whether the device is 
new and who manufactures it. Just 
about all of these modems have 
error correction and data compres- 
sion built in. Some of the connection 
speeds which can be obtained are 
quite amazing. This sort of modem 
is especially useful for transferring 
large files that would otherwise 
take an unreasonably long time to 
carry out, using V22bis, or lower. 


Software 


To drive the serial port and modem 
a communications software pack- 
age is needed - again there are 
plenty to choose from but all of 
them do much the same thing. As 
with most types of software there 
are both commercial products and 
packages which are available via 
Public Domain (PD) and shareware 
sources. It must be said that most of 
the commercial packages, save one 
or two, don’t compare favourably to 
what is available through share- 
ware and PD. People who are 
involved with communications are 
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often very devoted and this shows 
in the hobbyist software that is pro- 
duced. Both shareware and PD pro- 
grams can be freely distributed, 
often only costing the price of a disk 
and, in the case of shareware, a reg- 
istration fee. A good PD library or a 
friend should be able to supply a 
reasonable program and once on- 
line it is possible download other 
communications programs without 
having to wait for the disk to arrive 
in the post. A good commercial 
package to look out for on the PC is 
Transend Professional and a decent 
Shareware/PD package, which is 
widely available, is PROCOMM. 


Services 


Once the computer, cable, modem 
and software are set-up a whole 
new world opens up. There are a 
variety of services available, some 
of which are free and some which 
have to be paid for. The most com- 
mon type of communications sys- 
tem which can be contacted via 
modem is the bulletin board. 90% of 
these are run from the home by 
enthusiast as a hobby. There are 
hundreds in the UK alone and hun- 
dreds, if not thousands, around the 
world. On calling a bulletin board 
for the first time it will usually 
request details such as name, 
address, telephone number and so 
on. From there it will probably pre- 
sent some information about the 
system, what it has to offer and var- 


Modem Glossary 


ARQ - ‘Automatic Repeat Request, a general 
term for error control 
Asynchronous Transmission — Data trans- 
mission in which the length of time 
between transmitted characters may 
_ vary, applies to the sort of modem 
| _ referred to in this article 
| Autoanswer — A feature in modems enabling 
them to answer incoming calls 
- Autodial — A feature in modems enabling 
them to dial phone numbers without the 
aid of a conventional telephone 
Baud — The number of discrete signal events 
per second occurring on a communica- 
tions channel. Although not completely 
oe baud Is often used to mean bit 


Bits ae Sosond - BPS for short, the num- 
_ ber of bits transmitted per second via a 
/ communications channel © 
- Carrier — A continuous frequency capable of 
_ being either modulated or impressed 
| with another information carrying signal 
CCITT — A international organisation that 
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ious bits of the latest system news. 
It will then present a menu system 
which will allow the choice of vari- 
ous procedures and options. There 
are files which are available for 
download from the bulletin board 
or on-line service to your computer 
and messages from other users. 
Some systems even allow games to 
be played against other people who 
call the system, or in the case of 
multi-line systems play against 
someone in real-time. Most bulletin 
board systems are free to use, apart 
from the phone bill incurred when 
calling them. Some of the larger sys- 
tems do ask for a small donation 


defines standards for telephone equip- 
ment, for example, the modem standards 

Data Compression — The modem com- 
presses data received from the comput- 
er, transmits it to the remote modem, 
where it is then uncompressed and sent 
to the remote computer 

DCE — Data Communication Equipment for 
example a modem 

DTE — Data Terminal Equipment for example 
a computer 

Download — The transfer of data from a 
remote to a local system 

Duplex — Indicates a communications chan- 
nel capable of carrying signals in either 
one direction at a time (half duplex) or in 
both directions (full duplex) 


—_ Error Control — various techniques which 


check the reliability of characters or 
blocks of data 

Flow Control — A mechanism that compen- 
sates for differences in the flow of data 

input to and output on a modem 

Local Echo — A modem feature that allows 





and many have subscription fees. 

There are also commercial on- 
line systems available which have 
to be paid for. This sort of system 
will offer a great deal of informa- 
tion, access to lots of other users 
and is often just a local phone call 
away. The subscription charges 
vary depending on what facilities 
you require and the service in ques- 
tion. 

The world of comminications is 
developing and expanding rapidly 
while the cost of accessing it is 
falling. All that is needed is to buy a 
cheap computer, cable, modem and 
software to start exploring it now. 


the modem to send copies of keyboard 
commands and transmitted data to the 
screen 


Local System — Usually refers to your com- 


puter 


Modem — A device that transmits and 


receives computer data through a com- 
munications channel such as a telephone 
line: stands for modulator, demodulator 


On-line — A connection is made between 


two modems for example 


Remote Echo — A copy of the data received 


by the remote system 


Remote System — A computer system locat- 


ed a distance away 


Serial Transmission — The transfer of data 


characters one bit at a time 


Synchronous Transmission — A form of 


transmission in which blocks of data are 
sent at strictly timed intervals 


Upload — The transfer of data from the local 


to the remote system 








Space Art 





Astronomy Now’s Art Editor Paul Doherty is one of Britain’s foremost space and astronomical illustrators. His 
pictures have featured in numerous books and regularly appear on The Sky at Night. Dr. Patrick Moore CBE 
said of Paul Doherty, “Paul's paintings are without doubt the most beautiful and technically accurate, which is 
why | select them to illustrate my books.” 


| Astronomy Now Magazine is pleased to offer a special 
| limited edition of four of Paul’s most attractive 
| paintings. Each picture is printed on heavy grade 200 
| gsm acid-free paper, to eliminate fading, and is available 
| in a limited edition of only 300, individually signed and 
numbered by the artist. Select individual prints at 
| £24.95 each, including P&P, or collect all four for only 
| £89.95.The prints available are: 





= = Inside the 
= Rings of Saturn, 
' first published in | 
The Unfolding Universe (Rainbird | 
in association with the Book Club 
Association) by Patrick Moore |_| 








@ Planetary System of 
Albireo, first published in 
Travellers in Space and Time 
(St. Michael) by Patrick Moore 
a 


7 = Planet close to a Globular 
Cluster, first published | 
in Travellers in Space and Time 
(St. Michael) by Patrick Moore _| 





= The Icy Surface of Pluto, first published in 
the George Philip Atlas of the Universe by 
Mitchell Beasley |_| 


To order, please tick the box in the caption of the 
print(s) you require and send a copy of this page to 
Space Art (PD), Intra Press, Intra House, 193 Uxbridge | 
Road, London W12 9RA. Please enclose payment in : 
the form of a cheque or PO made out to Intra Press. | 
Don't forget to include your name and address. 





Orders will be processed on a first-come, first-served basis. Please allow 28 days for delivery. 














Show Report 


Multimedia 





Comes Of Age 


Rod Allen visits Multimedia 92 and finds a fascinating collection of interactive video, com- 


puters and software. 


n the last two to three years the 

term multimedia has gone from 

being a buzz word for an idea to 
a buzz word for some real technolo- 
gy. The recent multimedia show at 
Olympia in London was a show- 
case for a wide variety of computer, 
video and sound systems. 

Using computers to control 
video information and sound as 
well as their interaction with people 
is at the heart of multimedia tech- 
nology. Some systems are complete 
in themselves — Philips CD-I and 
Commodore CDTV are good exam- 
ples of this. Others are simple 
enabling technologies such as touch 
screens or video interfaces for com- 
puters. Still others are computer 
programs that allow current sys- 
tems such as PCs and Mac to create 
and manipulate moving pictures 
and sound. 


Interactive Entertainment 


The two main competing systems 
for home multimedia market are 
Commodore’s CDTV and the 
recently launched Philips’ CD-I. 
Both had large stands at the show 
with a number of machines avail- 


Apple‘s Quicktime in action. 
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A picture drawn with Autodesk 3D Studio. 


able to play with. 

The Commodore system is 
based around its Amiga computer 
technology and is, in some ways, 
handicapped by this. The machines 
on show produced reasonable 
sound and pictures — about what 
you'd expect from a computer 
games machine. The CD-I system, 
on the other hand, had a much 
more professional look and feel. 
Time will tell which one wins out in 
the battle for the home multimedia 
market but my money is on CD-I. 


Touching Technology 


Evident at the show was a plethora 
of touch screens. These were being 
used on demos of everything: ATM 
machines, how to find your post- 
code using the Royal Mail’s CD- 








Post code system, a complete guide 
to the show with touch-screen maps 
of the exhibition and as a mouse 
replacement in general MS- 
Windows applications. 

The technology of touch screens 
falls into three main categories, 
resistive, surface acoustic wave 
(SAW) and capacitative. 
Resolutions of up to 4000x4000 
points are available and SAW sys- 
tems are also pressure sensitive so 
that they not only sense the position 
of a finger on the screen, they also 
know how hard it is pushing. This 
can be used for dragging and click- 
ing or in process control where 
things must be turned on and off. 

The screens can be attached to 
almost any monitor — Ellinor reckon 
to make about eight or nine screens 
in each standard size to fit all of the 








Multimedia 





Commodore's stylishly black CDTV. 


different makes and types of moni- 
tor. With an estimated life of about 
1,000,000 touches for each point on 
the screen, they should last a life- 
time and start appearing in the high 
street real soon now. 


On-Screen 


As display technology is important 
to multimedia, it was to be expected 
that there would be a large number 
of gadgets designed to improve pic- 
ture quality and help interface to 
various sources of video informa- 
tion. 

One of the drawbacks with the 
latest PCs and Macintosh comput- 
ers is that they output their video 
information in a format that is total- 
ly incompatible with most VCRs. 
Among others, VideoLogic, 
Multimedia Italia and Magnifeye 
were providing solutions with 
cards or plug-ins that output PAL 
signals. Using these, the computer 
can be used to generate a sequence 
of images which can then be record- 
ed on video tape to be spliced 
together with other sequences, 
resulting in a totally computer gen- 
erated programme. 


sofiware 


Apart from the hardware, multime- 
dia is intimately involved with 
computer software. In general this 
produces some impressive results — 
with the aid of some hefty process- 


ing power. Two of the more 
impressive packages on show were 
Apple’s Quicktime and Autodesk’s 
3D Studio. 

Quicktime is an add-on to 
Apple’s new System 7 operating 
system and allows the integration 
of video and sound into the 
Macintosh’s graphical user interface 
(GUD. This is done in such a way as 
to allow video information to be 
passed from application to applica- 
tion without the need for any con- 
version or incompatibility prob- 
lems. Able to run on all standard 
Macs, video sequences of between 


10 and 24 frames per second can be 
viewed in a window on-screen. 
Images can be sourced from cam- 
corders or VCRs via a plug in card 
and incorporated into presentations 
or learning packages. The big 
advantage of Quicktime is that the 
whole thing integrates seamlessly 
with the rest of the operating sys- 
tem. 

When it comes to life-like 
images, Autodesk 3D studio is 
going to be hard to beat. Images are 
made up from a 3D wire frame 
model, each point of which can be 
easily position in 3D space. A ren- 
dering system then lays over this 
skeleton a perfect three dimensional 
rendition of any texture required 
using a predefined light source and 
viewing position. The texture can 
be a standard such as silver or 
wood grain, or can be scanned in to 
allow custom patterns to be used. 
The full colour results are so life- 
like that it is difficult to tell them 
from a photograph. Some of the 
main applications are in 3D mod- 
elling or the creation of mock-ups 
for design purposes. 


Multimedia to Come 


With applications in learning, train- 
ing, point of sale, graphic design, 
communications, entertainment 
plus many others, multimedia has 
finally come of age. If the products 
on show at Multimedia 92 are any- 
thing to go by it will be appearing 
allover inthe very near future. & 





Ellinor's touch screen system. 
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AMSTRAD PORTABLE PC'S FROM £149 (PPC1512SD). 
£179 (PPC1512DD). £179 (PPC1640SD). £209 
(PPC1640DD). MODEMS £30 EXTRA.NO MANUALS OR 
PSU. 


HIGH POWER CAR SPEAKERS. Stereo pair output 100w each. 
4ohm impedance and consisting of 6 1/2" woofer 2" mid range and 
1" tweeter. Ideal to work with the amplifier described above. Price per 
pair £30.00 Order ref 30P7R. 

2KV 500 WATT TRANSFORMERS Suitable for high voltage 
experiments or as a spare for a microwave oven etc. 250vAC input. 
Now only £4.00 ref 4P 157 

MICROWAVE CONTROL PANEL. Mains operated, with touch 
switches. Complete with 4 digit display, digital clock, and 2 relay 
outputs one for power and one for pulsed power (programmable). 
Ideal for all sorts of precision timer applications etc. Now only £4.00 
ref 4P151. 

FIBRE OPTIC CABLE. Stranded optical fibres sheathed in black 
PVC. Five metre length £7.00 ref 7P29R 

12V SOLAR CELL.200mA output ideal for trickle ges 
charging etc. 300 mm square. Our price £15.00 ref y~ 
15P42R a” 
PASSIVE INFRA-RED MOTION SENSOR. A 
Complete with daylight sensor, adjustable lights s 


deg coverage. Manual overide facility. Com- Sy Py Bo 
plete with wall brackets, bulb holdersetc. Brand ~ erin Le 
new and guaranteed. Now only £19.00 ref etl 
19P29 

Pack of two PAR38 bulbs for above unit £12.00 ref 12P43R 
VIDEO SENDER UNIT Transmit both audio and video signals 
from either a video camera, video recorder or computer to any 
standard TV set within a 100' range! (tune TV to a spare channel). 
12v DC op. £15.00 ref 15P39R Suitable mains adaptor £5.00 ref 
5P191R 

FM TRANSMITTER housed in a standard working 13A 
adapter (bug is mains driven). £26.00 ref 26P2R . 
MINATURE RADIO TRANSCEIVERS A pair of rf 


fk 
walkie talkies with a range of up to 2 kilometres. Units pe eo 
measure 22x52x155mm. Complete with cases. £30.00 WJ \ | 
ref 30P12R ail 
FM CORDLESS MICROPHONE.sSmail hand held unit with a 500’ 
range! 2 transmit power levels reqs PP3 battery. Tuneable to any FM 
receiver. Our price £15 ref 15P42AR aa. 
12 BAND COMMUNICATIONS RECEIVER.9 short CS 
bands, FM, AM and LW DX/local switch, tuning ‘eye’ mains 

or battery. Complete with shoulder strap and mains lead 

NOW ONLY £19.00!! REF 19P14R. 

CAR STEREO AND FM RADIOLow cost stereo system giving 
S watts per channel. Signal to noise ratio better than 45db, 
wow and flutter less than .35%. Neg earth. £25.00 ref | | 


sf May 


25P21R. 

LOW COST WALIKIE TALKIES.Pair of battery op- 

erated units with a range of about 200’. Our price £8.00 {"' 

a pair ref 8PSOR 

7 CHANNEL GRAPHIC EQUALIZERbls a 60 watt power amp! 
20-21KHZ 4-8R 12-14v DC negative earth. Cased. £25 ref 25P14R. 
NICAD BATTERIES. Brand new top quality. 4 x AA's £4.00 ref 
4P44R. 2x C's £4.00 ref 4P73R, 4 x D's £9.00 ref 9P12R, 1 x PP3 
£6.00 ref 6P35R 

TOWERS INTERNATIONAL TRANSISTOR SELECTOR 
GUIDE. The ultimate equivalents book. Latest edition £20.00 ref 
20P32R. 

CABLE TIES. 142mm x 3.2mm white nylon pack of 100 £3.00 ref 
3P104R. Bumper pack of 1,000 ties £14.00 ref 14P6R 


1992 CATALOGUE AVAILABLE NOW 
IF YOU DO NOT HAVE A COPY PLEASE REQUEST ON 
WHEN ORDERING OR SEND US A 6X9" SAE FOR A FRE 
COPY. 


GEIGER COUNTER KIT.Complete with tube, PCB and all compo- 
nents to build a battery operated geiger counter. £39.00 ref 39P1R 
FM BUG KIT.New design with PCB embedded coil. Transmits to 
any FM radio. 9v battery req'd. £5.00 ref 5P158R 

FM BUG Built and tested superior 9v operation £14.00 ref 14P3R 
COMPOSITE VIDEO KITS. These convert composite video into 
separate H sync, V sync and video. 12v DC. £8.00 ref 8P39R. 
SINCLAIR C5 MOTORS 12v 29A (full load) 3300 mm 6"x4" 1/4" 
O/P shaft. New. £20.00 ref 20P22R. 

As above but with fitted 4 to 1 inline reduction box (800rpm) and 
toothed nylon belt drive cog £40.00 ref 40P8R. 

SINCLAIR C5 WHEELS13" or 16" dia including treaded tyre and 
inner tube. Wheels are black, spoked one piece poly carbonate. 13" 
wheel £6.00 ref 6P20R, 16" wheel £6.00 ref 6P21R. 
ELECTRONIC SPEED CONTROL KI Tior c5 motor. PCB and all 
components to build a speed controller (0-95% of speed). Uses 
pulse width modulation. £17.00 ref 17P3R. 

SOLAR POWERED NICAD CHARGER.Charges 4 
AA nicads in 8 hours. Brand new and cased £6.00 ref 4 
6P3R. 
12 VOLT BRUSHLESS FANG 1/2" square brand new ideal for 
boat, car, caravan etc. £5.00 ref 5P206. 

ACORN DATA RECORDER ALF503 Made for BBC computer 
but suitable for others. Includes mains adapter, leads and book. 
£15.00 ref 15P43R 

VIDEO TAPES. Three hour superior quality tapes made under 
licence from the famous JVC company. Pack of 5 tapes New low 
price £8.00 ref 8P161 

PHILIPS LASER. 2MW HELIUM NEON LASER TUBE. 





BRAND NEW FULL SPEC £40.00 REF 40P10R. MAINS : 
POWER SUPPLY KIT £20.00 REF 20P33R READY BUILT 


AND TESTED LASER IN ONE CASE £75.00 REF 75P4R. 
12 TO 220V INVERTER KITAs supplied it will handle up to about 
15 wat 220v but with a larger transformerit will handle 80 watts. Basic 
kit £12.00 ref 12P17R. Larger transformer £12.00 ref 12P41R. 
VERO EASI WIRE PROTOTYPING SYSTEMideal for design- 
ing projects on etc. Complete with tools, wire and reusable board. 
New low bargain price only £2.00 ref B2P1 

HIGH RESOLUTION 12” AMBER MONITOR! 2v 1.54 Hercu- 
les compatible (TTL input) new and cased £22.00 ref 22P2R 














SOME OF OUR PRODUCTS MAY BE U 


VGA PAPER WHITE MONO monitors new and cased 240v 
AC. £59.00 ref 59P4R 

25 WATT STEREO AMPLIFIERc. STK043. With the addition of 
a handful of components you can build a 25 watt amplifier. £4.00 ref 
4P69R (Circuit dia included). 


BARGAIN NICADS AAA SIZE 200MAH 1.2V PACK OF 10 


£4.00 REF 4P92R, PACK OF 100 £30.00 REF 30P16R 
FRESNEL MAGNIFYING LENS 83 x 52mm £1.00 ref BD827R. 
ALARM TRANSMITTERS. No data avaliable but nicely made 
complex radio transmitters 9v operation. £4.00 each ref 4P81R. 
12V 19A TRANSFORMER. Ex equipment but otherwise ok. Our 
price £20.00 

GX4000 COMPUTERS. Customer returned games machines 
complete with plug in game, joysticks and power supply. Retail price 
is almost £100. Ours is £12.00 ref B12P1 

ULTRASONIC ALARM SYSTEM. Once again in stock these 
units consist of a detector that plugs into a 13A socket in the area to 
protect. The receiver plugs into a 13A socket anywhere else on the 
same supply. Ideal for protecting garages, sheds etc. Complete 
system £25.00 ref B25P1 additional detectors £11.00 ref B11P1 
IBM XT KEYBOARDS. Brand new 86 key keyboards £5.00 ref 
5P612 

IBM AT KEYBOARDSBrand new 86 key keyboards £15.00 ref 
15P612 

386 MOTHER BOARDS. Customer returned units without a cpu 
fitted. £22.00 ref A22P1 


COLOUR MONITORS 
AMSTRAD CTM644 
RGB INPUT 
£75.00 REF A75P1 


286 MOTHER BOARDS. Brand new but customer returns so may 
need attention. Complete with technical manual £20.00 ref A2ZOP2 
286 MOTHER BOARDS. Brand new and tested complete with 
technical manual. £49.00 ref A49P1 

UNIVERSAL BATTERY CHARGER.Takes AA's, C's, D's and 
PP3 nicads. Holds up to 5 batteries at once. New and cased, mains 
operated. £6.00 ref 6P36R. 

IN CAR POWER SUPPLY. Plugs into cigar socket and gives 
3,4,5,6,7.5,9, and 12v outputs at 800mA. Complete with universal 
spider plug. £5.00 ref 5P167R. 

RESISTOR PACK. 10 x 50 values (500 resistors) all 1/4 watt 2% 
metal film. £5.00 ref 5P170R. 





MIRACOM WS4000 MODEMS 
V21/23 
AT COMAND SET 
AUTODIAL/AUTOANSWER 
FULL SOFTWARE CONTROL 
TONE AND PULSE DIALLING 


£29 


WASHING MACHINE PUMP.Mains operated new pump. Not self 
priming £5.00 ref 5P18R. 

IBM PRINTER LEAD. (D25 to centronics plug) 2 metre parallel. 
£5.00 ref SP186R. 

COPPER CLAD STRIP BOARD 17" x 4" of .1" pitch "vero" board. 
£4.00 a sheet ref 4P62R or 2 sheets for £7.00 ref 7P22R. 

STRIP BOARD CUTTING TOOL.£2.00 ref 2P352R. 

50 METRES OF MAINS CABLE £3.00 2 core black precut in 
convenient 2 m lengths. Ideal for repairs and projects. ref 3P91R 
4 CORE SCREENED AUDIO CABLE 24 METRES £2.00 
Precut into convenient 1.2 m lengths. Ref 2P365R 

TWEETERS 2 1/4" DIA 8 ohm mounted on a smart metal plate for 
easy fixing £2.00 ref 2P366R 

COMPUTER MICE Originally made for Future PC's but can be 
adapted for other machines. Swiss made £8.00 ref 8P57R. Atari ST 
conversion kit £2.00 ref 2P362R. 

6 1/2" 20 WATT SPEAKER Built in tweeter 4 ohm £5.00 ref 
SP205R 

ADJUSTABLE SPEAKER BRACKETS idea! for mounting 
speakers on internal or external corners, uneven surfaces etc. 2 for 
£5.00 ref 5P207R 

WINDUP SOLAR POWERED RADIO! FM/AM radio takes re- 
chargeable batteries complete with hand charger and solar panel 
14P200R 

240 WATT RMS AMP KIT Stereo 30-0-30 psu required £40.00 ref 
40P200R 

300 WATT RMS MONO AMP KIT £55.00 Psu required ref 
55P200 
























NLICENSABLE IN THE 








ALARM PIR SENSORS Standard 12v alarm type sensor will inter- 
face to most alarm panels. £16.00 ref 16P200 

ALARM PANELS 2 zone cased keypad entry, entry exit time delay 
etc. £18.00 ref 18P200 

MODEMS FOR THREE POUNDS!! 

Fully cased UK modems designed for dial up system (PSTN) no data 
or info but only £3.00 ref 3P145R 

TELEPHONE HANDSETS 

Bargain pack of 10 brand new handsets with mic and speaker only 
£3.00 ref 3P146R 

BARGAIN STRIPPERS 

Computer keyboards. Loads of switches and components excellent 
value at £1.00 ref CD40R 

DATA RECORDERS 

Customer returned mains battery units builtin mic ideal for Computer 
or general purpose audio use. Price is £4.00 ref 4P100R 
SPECTRUM JOYSTICK INTERFACE 

Plugs into 48K Spectrum to provide a standard Atari type joystick 
port. Our price £4.00 ref 4P101R 

ATARI JOYSTICKS 

Ok for use with the above interface, our price £4.00 ref 4P102R 
BENCH POWER SUPPLIES 

Superbly made fully cased (metal) giving 12v at 2A plus a 6V supply. 
Fused and short circuit protected. For sale at less than the cost of the 
case! Our price is £4.00 ref 4P103R 

SPEAKER WIRE 

Brown twin core insulated cable 100 feet for £2.00 REF 2P79R 
MAINS FANS 

Brand new S" x 3" complete with mounting plate quite powerfull and 
quite. Our price £1.00 ref CD41R 

DISC DRIVES 

Customer returned units mixed capacities (up to 1.44M) We have not 
sorted these so you just get the next one on the shelf. Price is only 
£7.00 ref 7P1R (worth it even as a stripper) 

HEX KEYBOARDS 

Brand new units approx 5" x 3" only £1.00 each ref CD42R 
PROJECT BOX 

51/2" x 31/2" x 1" black ABS with screw on lid. £1.00 ref CD43R 
SCART TO SCART LEADS 

Bargain pnce leads at 2 for £3.00 ref 3P147R 

SCART TO D TYPE LEADS 

Standard Scart on one end, Hi density D type on the other. Pack of 
ten leads only £7.00 ref 7P2R 

OZONE FRIENDLY LATEX 

250ml bottle of liquid rubber sets in 2 hours. Ideal for mounting PCB's 
fixing wires etc. £2.00 each ref 2P379R 

QUICK SHOTS 

Standard Atari compatible hand controller (same as joysticks) our 
price is 2 for £2.00 ref 2P380R 

VIEWDATA SYSTEMS 

Brand new units made by TANDATA complete with 1200/75 built in 
modem infra red remote controlled qwerty keyboard BT appproved 
Prestel compatible, Centronics printer port RGB colour and compos- 
ite output (works with ordinary television) complete with power 
supply and fully cased. Our price is only £20.00 ref 20P1R 

AC STEPDOWN CONVERTOR 

Cased units that convert 240v to 110v 3" x 2" with mains input lead 
and 2 pin American output socket (suitable for resistive loads only) 
our price £2.00 ref 2P381R 

SPECTRUM +3 LIGHT GUN PACK 

complete with software and instructions £8.00 ref 8P58R 

CURLY CABLE 

Extends from 8" to6 feet! D connector on one end, spade connectors 
on the other ideal for joysticks etc (6 core) £1.00 each ref CD44R 
COMPUTER JOYSTICK BARGAIN 

Pack of 2 joysticks only £2.00 ref 2P382R 

BUGGING TAPE RECORDER 

Small hand held cassette recorders that only operate when there is 
sound then turn off 6 seconds after so you could leave it in a room all 
day and just record any thing that was said. Priceis £20.00 ref 20P3R 
IEC MAINS LEADS 

Complete with 13A plug our price is only £3.00 for TWO! ref 3P148R 
COMPUTER SOFTWARE BARGAIN 

10 cassettes with games for commodore 64, Spectrum etc. Our 
bargain price one pound! ref CD44R 

NEW SOLAR ENERGY KIT 

Contains 8 solar cells, motor, tools, fan etc plus educational booklet. 
Ideal for the budding enthusiast! Price is £12.00 ref 12P2R 
POTENTIOMETER PACK NO 1 

30 pots for £3.00! ideal for projects etc. Ref CD45R 


286 AT PC 
286 MOTHER BOARD WITH 640K RAM FULL SIZE METAL 


CASE, TECHNICAL MANUAL, KEYBOARD AND POWER SUP- 
PLY £139 REF 139P1 (no i/o cards or drives included) Some 


metal work req'd phone for details. 





35MM CAMERAS Customer returned units with built in flash and 
28mm lens 2 for £8.00 ref 8P200 
STEAM ENGINE Standard Mamod 1332 
engine complete with boiler piston etc £30 : 
ref 30P200 

TALKING CLOCK 

LCD display, alarm, battery operated. 
Clock will announce the time at the qual 
push of a button and when the 
alarm is due. The alarm is switchable 
from voice to a cock crowing!£14.00 ref 14P200.R —— 
HANDHELD TONE DIALLERS 

Small units that are designed to hold over the mouth piece of a 
telephone to send MF dialling tones. Ideal for the remote control of 
answer machines. £5.00 ref SP209R 

COMMODORE 64 MICRODRIVE SYSTEM 

Complete cased brand new drives with cartridge and software 10 
times faster than tape machines works with any Commodore 64 
setup. The orginal price for these was £49.00 but we can offer them 
to you at only £25.00! Ref 25P1R 

USED SCART PLUGS 

Packof 10 plugs suitable for making up leads only £5.00 ref 5P209R 
C CELL SOLAR CHARGER 

Same style as our 4 x AA charger but holds 2 C cells. Fully cased with 
flip top lid. Our price £6.00 Ref 6P79R 
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Component Feature 


A Transistor At The 
Crossroads 


The unijunction transistor is one of the simplest semiconductor devices, yet it can be used 
in oscillators, trigger circuits, and delay circuits.Samuel Dick reveals all. 


T® unijunction transistor, first 
investigated in the late 1940s, 
is a three terminal device just 
like a normal transistor. However, 
while transistors owe their opera- 
tional characteristics to two semi- 
conductor junctions, the UJT as its 
name implies, has only one. This 
earns the device its alternative 
name of ‘double base diode’. The 
UJT’s symbol is shown in Fig 1. The 
device has an emitter and two base 
connections. Looking at the silicon 
structure of the device, it is fabricat- 
ed from a single silicon bar formed 
from N-type silicon with a single 
junction of P-type semiconductor 
formed on the bar (Fig 2). Fig 3 
shows a simplified equivalent cir- 
cuit. 

If we ignore the emitter connec- 
tion, the resistance across the bar is 
a few thousand ohms. In normal 
operation, the Base 2 connection is 
made positive and current flows 
down the bar. Since the bar 
behaves like a simple resistor, the 
voltage seen at the point where the 
emitter connection is made is some 


Fig. 2. Physical structure of the UJT 
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N-type semiconductor 
a P-type semiconductor 


Emitter 
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Fig. 1. Symbol for the unijunction transistor. 


fraction of the supply voltage, the 
exact value depending on how far 
along the bar the emitter junction 
has been made. This fraction is 
known as the ‘intrinsic stand-off 
ratio’ and has the symbol n. The 
stand-off ratio typically has value 
from 0.4 to 0.8; the commonly avail- 
able 2N2646 device has n between 
0.56 and 0.75. The intrinsic stand-off 
ratio is an important characteristic 
of the UJT because it determines 
how the device works as a trigger. 
In the equivalent 
circuit, the emitter is 
connected to the 
device via a diode: the 
voltage on the emitter 
terminal is less than 
that seen at the junc- 
tion (that is, n times 
the supply voltage), 
only a small current 
will flow out of the 
device. Since this is 
the leakage current of 
the ‘diode’, its value is 
very small: currents of 
a few nano-amperes 
may be expected for 
normal operation con- 





ditions. In this state, the current 
flow from Base 2 to Base 1 will also 
be small — only be a few hundred 
micro-amperes. 

When the voltage on the emitter 
is increased so that the diode in the 
equivalent circuit is forward- biased 
— turned on — then current begins to 
flow in R,,. This reduces the value 
of R,, so the voltage difference 
across the diode is increased. This 
allows more current to flow from 
the emitter into the device, further 
reducing R,,. This sets up a run- 
away condition during which the 
device can conduct quite heavily. 
The peak current for the emitter in a 
2N2646 is 2 Amps! But note that the 
maximum Root Mean Squared 
(RMS) emitter current (the maxi- 
mum average current) is only 
50mA; the 2 Amp limit only allows 
for the rush of current when a 
capacitor is connected between the 
emitter and ground. 

If the voltage supply on the 
emitter is such that it cannot be 
maintained above the value 
required to keep the junction con- 
ducting, the device will cease con- 
ducting and return to the ‘off’ state. 
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UJTs 


Fig. 3. Equivalent circuit for the UJT. 
Base 2 
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The UJT Oscillator 


This is how the UJT is used an oscil- 
lator. Fig 4 shows the circuit: R, and 
R, need not be considered for the 
moment. When power is first 
applied to the circuit, the capacitor, 
C,, is discharged and so Ve is zero. 
C, now charges up because of the 
current flowing through R.,. Left 
undisturbed, the voltage across CE 
Vc, would eventually equal the sup- 
ply voltage, Vs. However, when Vc 
reaches the point at which the emit- 
ter is forward biased (nV+0.7 Volts), 
the impedance seen through the 
emitter suddenly decreases and the 
UJT becomes a low resistance con- 
nected in parallel with C,. The 
result is that C, initially supplies a 
large current through the UJT. This 
flow of current discharges the 
capacitor and so lowers the voltage 





Fig. 4. Simple oscillator circuit. 
Vs 


38 Practical Electronics August 1992 


on the emitter. At some point, the 
voltage on C, is no longer sufficient 
to keep the junction forward biased 
and the UJT suddenly switches off. 
Now the voltage on C, will slowly 
rise again because of the charging 
current via R, — the UJT will only 
affect this process slightly since the 
leakage current through the reverse 
biased emitter will be very small 
(<1nA). 

Hence, the whole cycle will 
repeat every time Vc reaches the 
trigger voltage, a pulse of current 
will flow through the UJT. The 
increased current causes the voltage 
across the two base resistors, R, and 
R,, to momentarily increase. Point 
A has a negative-gong pulse while 
Point B has a positive-going pulse. 
The amplitudes of these pulses 
depend on the values of R, and R,. 

The frequency of oscillation is 
controlled by how quickly C, can 
charge up again following a dis- 
charge pulse. by careful choice of R, 
and C,, frequencies from much less 
than 1Hz to near 1MHz may be 
obtained. 

The pulse from the UJT may be 
used to drive a loudspeaker or 
piezo-sounder (Fig 5). It may also 
be used to trigger some other cir- 
cuit. 


Trigger 


Another use for the UJT is as a sim- 
ple trigger device. By connecting a 
resistor (Rc) in parallel with C,, a 
voltage divider is formed. The volt- 
age fed to the emitter (with the UJT 
‘off’) is VSR, /Rc. While this voltage 
is below that required to trigger the 
UJT into conduction (nVs+0.7 Volts, 


2N2646 


E 








with R,=R,=100Q), no current flows 
and so the voltage on Base 1 is =0. 
But when Vc exceeds the trigger 
voltage, the voltage at Base 1 
increases to =1 Volt. This change 
could be used to trigger some other 
circuitry. But note that UJT’s are 
made with a wide range of n so 
repeatability, from device to device, 
would not be very good — each cir- 
cuit made would have to be set up 
individually. 


Driving Thyristors 

One of the most common uses of 
UJTs is as trigger devices for thyris- 
tors. The simplest application is a 
time delay circuit — either to turn a 
load on or off after a certain time, 

In Fig 6, when power is first 
applied, the emitter of the UJT is at 
zero volts. The Base 1 is also nearly 
zero volts since only the ohmic leak- 
age current of a few hundred micro- 
amperes is flowing through the 
UJT. The voltage on the capacitor 
will gradually rise and , at the trig- 
ger point, will turn the UJT on. The 
time taken for this to happen will 
depend on the time-constant of R 
and C; with 1MQ and 2.2uF a delay 
of around 3s is realised. Once the 
UJT is triggered, the resulting pulse 
of current will create a voltage 
pulse across R, which will be seen 
by the gate of the thyristor and so 
turn it on. The UJT will continue to 
pulse but this does not matter since 
only the first pulse is required to 
turn on the power to the load — sub- 
sequent pulses are ignored. 

The ‘turn-off’ circuit in Fig 7 is 
rather more complicated. Here, the 
thyristor which drives the load is 





Fig. 5. Loudspeaker driver circuit. 
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Astronomy Now is Britain’s leading amateur astronomy magazine. 


It’s topical and informative, keeping you up to date with the latest news in the astronomy world. It’s extremely 
practical, telling you how to improve your observing and get maximum enjoyment from your hobby. Our 
contributors include the foremost names in the professional and amateur spheres. 


* Patrick Moore’s Night Sky column * 
* Features by and about the professionals * 
* Practical advice from top amateurs * 

* Extensive sky maps and finder charts * 
* Entry level articles for complete novices * 
* Advanced techniques for veterans *« 

* Astronomy and space science news * 
* The most stunning astrophotography *« 


Available from all good newsagents for £1.75 per month or by subscription from: 


Astronomy Now, Subscription Department, Intra Press, FREEPOST, London W12 9BR 


Annual rates £18 (UK), £21 (EC countries) 
Payment by Visa, Access, cheque or postal order. 
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Fig. 6. Thyristor trigger circuit — delayed turn-on. 


switched on immediately the power 
is applied, since its gate receives a 
pulse through C,. Once this initial 
pulse has turned on the thyristor, 
the gate is held low by R,; power 
continues to be supplied to the load 
since thyristor is not latched on. 
Once a thyristor has been trig- 
gered, it will stay on until the cur- 
rent flowing through decreases 
below the holding current. The 
value of the holding current 
depends on the current capacity of 
the thyristor; low power devices 
have holding currents of only a few 
milliamperes. Then the thyristor 
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MAKE YOUR INTERESTS PAY! 


Over the past 100 years more than 10 million students throughout the world have found 
it worth their while! An ICS home-study course can help you get a better job, make more 
money and have more fun out of life! ICS has over 100 years experience in home-study 
courses and isthe largest correspondence school in the world. You learn at your own 
pace, when and where you want under the guidance of expert ‘personal’ tutors. Find out 
how we can help YOU. Post or phone today for FREE INFORMATION on the course of your 
choice. (Tick one box only!) 
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will switch off — and will stay off 
until another pulse is applied to its 
gate. The most obvious way of 
decreasing the current through the 
thyristor is to momentarily discon- 
nect the load. A more subtle way is 
to divert the current into a capacitor 
for a short interval - only a few 
microseconds are required. This 
may be achieved by connecting a 
capacitor across the anodes of two 
thyristors as shown. By switching 
on the thyristor not connected to 
the load, the capacitor is grounded. 
The negative pulse fed to the load 
thyristor turns it off. By using the 
delay turn-on circuit of Fig 6 to fire 
the second thyristor, a delayed 
turn-off circuit is obtained. @ 





O GND 


Fig. 7. Thyristor trigger circuit — delayed turn-off. 
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SYSTEMS 


(all including Motherboard, Case, 200W PSU: 
no RAM fitted) 
Type 1 — 16 bit processor 

16 MHz 296 (Desk Top Case) ...... £139.50 
Type 2 — 32 bit processor 

25 MHz 386SX (Mini Tower Case)£199.50 
Various accessories, (keyboards, montiros 
etc) available — please write or phone for 
more details. 
Carriage, Terms 


Add VAT to all prices. Carriage on Grel System 
components flat rate, regardless of order size: £4.50 (+ 
VAT) 


Access and Visa accepted, no surcharge. 


PC Foundation Systems 


Greenbank Electronics, Dept PEOS 460 New Chester Road, 





Rock Ferry, Birkenhead, Merseyside L42 2AE. Tel: 051-645 3391 

















New Technology 





Update 


Technology Update 


lan Poole reports on new techniques in solar cell construction, wide bandwidth amplifiers 
and improvements in integrated circuit manufacturing. 


Gre cells are seen by many as a 
very convenient and environ- 
mentally friendly source of 
power. However, to compete with 
more conventional forms it is esti- 
mated that their costs must fall by a 
factor of at least five. With existing 
semiconductor technology it is 
unlikely that this can ever be 
realised even if it is optimised to 
give the best performance. If solar 
cells are to provide a viable alterna- 
tive source of power a totally new 
approach is required. 

This may now be possible with a 
new technique developed in 
Germany. It involves a low cost 
technique for depositing a sub- 
stance called cadmium telluride 
(CdTe). This enables efficient thin 
film CdTe solar cells to be made on 
inexpensive substrates including 
ordinary glass. By using this tech- 
nique it is hoped to cut production 
costs to about a fifth of their current 
levels whilst still achieving efficien- 
cies of just over 10%. It is also 
expected that by further develop- 
ment even higher efficiencies will 
be possible later. 

Although a number of different 
materials can be used CdTe was 
chosen as the best. In tests it gave 


one of the highest conversion effi- 


ciencies. In addition to this it was 
rugged and provided a high degree 
of stability. 

The new process is based 
around a specialised sublimation 
technique which produces poly- 
crystalline CdTe films very rapidly 
on a variety of substrates. The pro- 
cess requires the use of a tempera- 
ture of around 650C in a partially 
evacuated oven containing an inert 
gas. The CdTe source is located 
close to the substrate. At this tem- 
perature the material sublimes and 


Internal circuit. 


Schematic symbol 
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O) 


Collector 


V1 


Fig. 1. The operational transconductance amplifier. 


then “condenses” onto the substrate 
which is held at the lower tempera- 
ture of 500C. 

At the present time the process 
is still in its laboratory stages. 
However work is now progressing 
to develop a suitable production 
process. This is likely to take three 
years or more because this work 
needs to be undertaken very care- 
fully to ensure that production costs 
are minimised. 

Once the cells are in production 
it is estimated that there will be a 
large market in view of the growing 
demand for remote and sustainable 
energy sources. 





New For Wide Bandwidths 


The quest for wider bandwidth 
analogue ICs has lead Burr-Brown 
to develop a new type of circuit. 
Called the “diamond transistor” it 
functions as a voltage controlled 
current source or Operational 
Transconductance Amplifier 
(OTA). This new circuit has proved 
itself to be useful and versatile in a 
number of applications. It can be 
used as the basis for either a voltage 
or current feedback operational 
amplifier. 

The basic circuit consists of ten 
transistors and has a total of five 
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a) Conventional form of common collector 
emitter follower. 


b) High current form of emitter follower 


c) Common emitter configuration 


Fig. 2. Various configurations for the operational transconductance amplifier. 


external connections. Two are for 
the power rails, but the remaining 
three are associated with the signal 
paths and are called the base, emit- 
ter and collector. These names are 
used because of the similarities 
have to the transistor ones. In the 
first instance the circuit can be used 
in the basic emitter follower config- 
uration to give an impedance trans- 
formation and higher current capa- 
bility. However there are some dif- 
ferences because it is possible to 
connect the collector to the emitter 
to increase its current capability. 
The amplifier can also be used in 
a common emitter circuit. Again it 
shows many similarities. However 
it is found that there is a difference 
in the fact that the OTA does not 
give the standard 180° difference 
between input and output which is 
a characteristic of a true transistor 
circuit. Instead both the input and 
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output signals are in phase. 

In operation the base has a high 
impedance. Any voltage changes at 
this point cause corresponding cur- 
rent changes in the emitter circuit. 
When current flows into or out of 
the emitter it is mirrored by the cir- 
cuit for the collector. The ratio 
between the emitter and the collec- 
tor is fixed by the internal parame- 
ters of the circuit making the circuit 
a complementary current source 
where the actual value of the cur- 
rent is determined by the voltage on 
the base. 

To achieve a good high frequen- 
cy response the circuit is fabricated 
using a complementary bipolar pro- 
cess with vertical transistors. These 
devices have very high transition 
frequencies, typically 3.5GHz for 
NPN transistors and 2.7GHz for 
PNP. This means that the whole 
amplifier is able to achieve a band- 


width of 350MHz and a voltage 
gain of 4 when connected in an 
open loop configuration. 

Although the circuit is used on 
its own the manufacturers expect its 
main use will be when it is incorpo- 
rated within larger analogue ICs. As 
such it is only just beginning to see 
its full potential. 


Improvements in ICs 


Standards of cleanliness have to be 
exceedingly high in the production 
of semiconductor devices. ICs in 
particular demand very high stan- 
dards. Poor cleanliness results in 
low yields and low long term relia- 
bility. This all means that if a manu- 
facturer is to maintain his reputa- 
tion, then cleanliness is of the 
utmost importance. 

To improve standards Philips at 
Eindhoven has developed a new 
method for drying silicon wafers. 
Drying is often needed because the 
manufacture of a number of devices 
including ICs and liquid crystal dis- 
plays often involves processes 
which use wet stages. These pro- 
cesses are usually followed by rins- 
ing the wafer and then drying it. 
Once dried, traces of chemicals in 
the water are left on the surface of 
the semiconductor. These traces can 
greatly reduce yields and long term 
reliability. 

Standard techniques involve 
rinsing the wafer and then spinning 
it to remove most of the water. This 
is not entirely satisfactory because 
some water still remains on the sur- 
face. In addition to this some stress 
damage can occur during the spin- 
ning. 

To overcome these problems a 
vapour of a water soluble com- 
pound like iso-propyl alcohol is 
directed at the point where the 
wafers emerge from the rinsing 
bath. At this point the water 
absorbs the alcohol and as the wafer 
rises up out of the water a meniscus 
is formed. It is found that there is a 
larger concentration of alcohol at 
the top of the meniscus than at the 
bottom where it can be absorbed by 
the water more easily. In turn this 
causes a gradient in surface tension 
which encourages the water to flow 
off the wafer and back into the bath. 
This results in clean dry wafers 
emerging straight out of the bath 
without any need for spinning or 
drying. 
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SUPER MULTIMETER Ex Britist: Telacom, this Is a 18-range 20k o.p.v, top 
grade Instrument. covers AC & DC voltages, current and resistance, very 
good concition, fully working and compiate with (oads £9.50, leather cars 
rying case £2 extra (batter les nat included but readily avai/adie). 
MULTI-CCRE CABLES all with 8A 240V cores so sultabla for disca und 
other special lighting effects. With earthable woven screen and thick pve 
outer, 3 core, 30p par metre, “6 core, SOp per metre, 18 core, BOp per 
metre, 25 core, £1 metre and 36 core, £1.50 par metre. 

VARIAC an infinitely variable unit gives any voltage from 0-250 ac. at 
YA, Obviously an invaluable piece of equipment which should be if 
every workshop and probably would be except that the usual price for 
this ig £36 plus VAT. Now is your chance to buy one, brand new, at £16 
Inciuding VAT, Order Ref. 15P428. 

ULTRA TEKIN DRILLS Actually 0 3mm. To buy these regular 
costs a fo’tune. However, these are packed in hail dozens 
and the price to you 8 £1 per prick, Order Raf. 7978. 

YOU CAN STAND ON ITI Madea to house GPO telephone 
equipment, this box is extremely tough and would be deal 
tor keaping your small tools. Internal s.7@ approx, 1045" x 
4%" x 6 high. These are complete with snap closure lip 
and g$houldartangth carrying strap. Taken trom used equi- 
pment but In good condition, price {2 Ordar Ret, 2F2833. 
BUILD YOUR OWN NIGHT LIGHT, battery charger ar any other gaciget 
that you want to enclose in @ piastic case and be able to piug inte a 135A 
socket. We have two cases, one 314" x 214" x 1k" deep, £1 each, Order 
Ref 845. The other one is 214° 42.4" x 18" deep, 2 for C1, Order Rat. 565. 
SAFETY 1.6ADS cur’y coll so they contract but don't hang down, Gould 
sasily save @ child from being scalded. 2 care, 5A, extends to am, #1, 
Order Ret. 848, 3 cure, 13A, extends to im, &f each, Order Ref. 847, 3 
core, 13A, extends to 3m, £2 each, Order Rat. 2P280. 

POWER SUPPLY WITH EXTRAS mains input is ‘usad and filtered and the 
12V de output is voltage regu'ated. Intanded for high class equipment, 
this le mounted on a FCB and, alsg mounted on the board but easily 
removed, are 2 12V relays and a Plezo soundar. £3, Order Raf. 3P30B. 

SV 2.5A POWER SUPPLY UNIT (5, Order Rat. SP 126. 

ULTRA SONIC TRANSDUCERS 2 mata! cased units, ene tranamits, one 
receives. Built to operate around 40khHz. Price $1.50 the pair, Order Ref. 
1.5P/4, 

100W MAINS TRANSFORMERS normal primaries 20-0-20 at 2.54, of WV 
at 3.5A, {4, Order Ref. 4P24, 40V at 2.54, £4, Order Ael. 
4P54, 50 V at 2A, £4, Order Ret. 4F60. 

PHILIPS $’" HIGH RESOLUTION MONITOR black & white in 
metal frane tor easy mounting, brand new still in maker's 
packing, offered at less than prs of tube alone, only £18, 
Order Rel. 151. 

16 CHARACTER 2-LINE DISFLAY screen size 85mm x 
36mm, Alpha-numeric LCD dot matrix module with integral 
Micro processor mace by Epson, thelr Rat. 16027AR, £8, 
Ordar Rel. §8P48. 

INSULATION TESTER WITH MULTIMETEA internally gan- 
erates voltages which enable you to fead insulation 
directly In megohms. The multimeter haa four ranges. AC/OC volls, 3 
ranges CG milllamps, 3 ranges resistance and $ amp range. These 
ingtrumaenta are ex British Telecom but In very good condition, tesied and 
guaranteed OK, probably cost at !east £50 each, yours for only £7.50, with 
leads, carrying case £2 extra, Order Raf. 7.SP/4. 

BRUSHLIESS DC 12V FAN tiny, only 60mm square, good alr mover but 
causes 3 Interference, £8, Order Ref, &P2s. 

MAINS 230V FAM beat make “PAPST 41%" square, metal blades. &, 
Ordar Raf. 8P8. 

2MW LASER Halium neon by Philips, full spec. £30, Order Rel, 30P1. 
Powar au pply for this in kit form with case la 115, Order Ref. 16°16, ar in 
larger case to house tube as wail £18, Order Ret. 18F2. The larger unit, 
made up, tested and ready to usa, complete with iaser tube £68, Order 
Ref. 69F 1. 

1/3 HP 12V MOTOR - THE FAMOUS SINCLAIR C5 brand new, £15, Order 
Ret. 1$P8. 

SOLAR CHARGER holds 4 AA nicads and fachargea ese in B hours, 
very nea! plastic case, &6, Ordar Ref 6P3. 

FERRITE AERIAL ROD 8” Long x ¥" diameter, made by Mullard. Com- 
plete with 2 co!l formers. 2 tor 81, Order Ref &20. 

AIR SPAIZEO TRIMMER CAPS 2-20 pl! ideal lor precision tuning URF Cir- 
cults, 4 for £1, Order Ret. 81858 

FIELD TULEPHONES just right for building sites, raties, horse show’, 
etc., Just join two by twin wire and you have two way calling and talking 
and you ¢an join into regular phone lines if you want to. Ex 
British Tizlecom In very good condition, powered by dat- 
teries (not included) complete with shoulder slung carry. 
ing case, £9.50, Order Ref. 9.5P/2. 

MAINS ISOLATION TRANSFOAMER stops you gatting “to 





mounting, £7.50, Order Ret. 7 5P/5 and a 250W versicn |s 
£10, Order Ref. 10P 79. 


DIGITAL FREQUENCY METER, 
This is a hand-held Instrument 
with an LCD display allowing 6 digita of tra 
quancy to Be raad, has 'ntarna! nicad batteries, 
and a power surcply which will recharge the 
batteries. Idea! jor fleld and service work as 
we!) as general and Industrial applications. 
Has high and low BNC inguts and @ plug-in 
antenna which enables remote tests. It covers 
a very wide ranges of frequencies: switch posi- 
tion ‘A’ covers 1GHzZ to 2OMriz and switch posl- 
tion ‘B’ covers 20MHz to 1800MHz. Price £99, 
but it compares very favourably with inStru- 
ments se/Uing at over £500 ty our competitors. 


Ordar Ret. 9672, 














LIMITED SUPPLY ITEMS 
are only described in our 
newsiettsr. Over 50 appears if Our 

current igsue@. If you order 
something this month you will 
recalve: this and the next three 
ijasues posted to you free of 










THIS MONTH'S SNIP 
A £60 UNIT FOR LESS THAN 
£10-- switch mode power 
supply with outputa + 12V at 
4A. + 5V at 16A and — 12V at 
tA. Enclasad In plated steel 
case, brand new, offered ata 
special price of £3.50 
until July 31st, 
Order Ret. 9.5A1. 






JUST ARRIVED 

3 core 15A flex. Price is 10m 
for £2.50, Order Ref. 2.5P/3. 
Y h this in lo 
garth” shocks, 230V in and 230V out. 150watt upright ance nul pie olaun opts 

100m. Also available: 3 Core 
20A flax, 10m for £4, Order Ref. 
SP100 and 2 core 2A flex, 15m 


Order Ref, OP 110. 





MINI MONO AMP'on PCH Size 4° x2 with front panel holding volume 
contro! and with spare hole tor switch or tone control. Output lea 4 watt 
Into 4 ohm speaker using 12V or 1 wat: inte 8 onm using 8V. Bread new 
and perfect, only £1 each, Order Ret. 495. 

RPM MAINS DRIVEN This ie a shaded pola motor, £5, Order Ref. SP, 
POWER SUPPLY UNIT mains tn, dc out, casdd 4,5V 100mA, £1, Order Rel. 
104, BV 200mA £1, Order Ref. 103, 8V 70)mA, £1, Order Ref. 1CQA, OV 
SOMA, £2, Order Ret. 2F134, 24V 200mA, 2, Ordar Ret. 2P4, 12 2A, £8, 
Order Rat. 6P23. 

AMSTRAD POWEDRt UNIT 13.5V at 1.9A encased and with leads and oulput 
plug, norma! mains inpurté, Order Ref. 6P23, 

AMSTRAD 3.6 FLOPPY DRIVE brand new anc cased, £35, Orde’ Ref. 
o5F 4, 

ATARI 6SXE at 65K this ip quite powerfy!, £6 suitable ‘tor 
horne or business, unused and in perfect order but iass 
FSU, only $18.50, Order Ref 18. $P/50, . 
SOW MAINS TRANSFORMER two available, good quality, 
both with normal primaies and upright mounting, one 13 
20V 4A, Order Raf. 3P106 the other 40V 2A, Order Ret. 
4P° 07, only £3 each, . 

PROJECT BOX size approx 8 x 4°" x 4%"! mela!, sprayed 
grey, touvred ends for ventilation otherwise undrillad, 
Made for GPO so best quavity, only €3 aach, Order Ref, IP 74, 

12V SOLENOID has good 4” pull or could push if modified, size approx 
1%" long x t" square, £1, Order Ref. 2c, 

WATER VALVE 230 operated with hosa connactlons, ideal for auto plant 
spray or would control alr or gas into tanks etc., £1 gach, Ordar Rel. 370. 
10W ISOLATION TRANSFORMER I you went to isolate some small piace 
at aquipment frort @arth thia may be what you are looking for, You can 
use iteither with @ tapped input or a tapped output. Its upright mounting 
and wall insulated. Price 1, Order Raf. 82°. 

BT POWER SUPPLY UNIT output 9.5V AC at B0CmA, In black plastic case 
with 13A piugs to go straight Into sockat und approximataly 3 metres of 
twin output lead. Price £1.50, Order Rat, 1.5P7. 

BUILDING YOUR OWN PSU, battery cha’ger, night light, or any other 
gadget that you want to enciose Ina plastic cage and be abla to plug Inte 
a 13A socket? We have two cases, one 3% x 2% x 1%" daap, £1 each, Ordar 
Rat. 645. The other ong Is 24x 24 x 1%" deap, 2 for £1, Order Ref. S65. 
600V BRIOGE MEGGER davelosed for GPO technicians 
the Ohmeter 188 Ig the modarn equivalent of the bridge 
megger. 8 battery operated, It imorporates @ SOOV gén- 
erator tor insulation testing and a nul! balance bridge for 
ve'y accurate resistance measurement, Ex 8.7. in quite 
good condition with data & tested. Yours for @ fraction of 
original cost, £45, Order Rat. 45F2. 

EXPERIMENTING WITH VALVES don't spend a fortune on 
a mains transformer, we can supply one with standard 
mains Input and sacs. of 250--250V at 75mA and 6.2¥ at 
SA. £5, Order Ref. §P167. 

15W 8 OHM 8" SPEAKER 4 3" TWEETER made for a dis- 
continued high quality music centre, gives real hi-fi, and only £4 per pais, 
Order Ref, 4P57. 


| 
| 
FREE POWER! Can be yours If you use our salar cella « sturdily made 














modules with new system bubble magniflars to concentrate the lgnt and 
s6 e@liminate the need for actual sunshine + hey work Just as wel! in 
bright light. Voltage output i@ .45 - youl jon in seriea to gat dealrad voit- 
age — and In parallel for more amps. 
Module A gives 120mA Price £1 
Module B gives 4mA Price £2 Order Ral. 2P1s9 

Module D gives 720mA_) Price £3 Order Ref. 3P42 

Module E gives 14 Pri¢@ £3.50 Orcer Rat. 3.5P4 

3V SOLAR PANEL. price £3, Order Ref, 3P898. 

3 GANG 0008 MFO TUNING CONDENSER with siow motion drive. 
Beaut!tully made by Jackson Brothers and current liat price ls probably 
around £20. Yours for £5, Order Ret. SP 188. 

STEREO HEADPHONES extra iightwelght with plug, £2 aach, Order 
Ret. 2P261. 

BT TELEPHONE LEAD 3m fong and with 8.7. Nat plug ideal to make 
axtension tor phone, tax, atc. 2 tor M, Order Re". 552. 

WATER PUMP very powerful with twin autiats, an idaal shower controlies, 
mains operated, 30, Order Ref. 107 

STUDIO 100 by Amstrad, the ultimate disco control panel, has four 
separately controled and metered chaonels, twin cassettes, AM/FM 
radio, stereo audio amplifier, phono & CD inputs, etc., etc., regular price 
ovar £400, we have a faw 3til (9 maker's packing, brand 
new and guaranteed, ycurs for £39, Ordar Ref. S6P 1. 
O-IMA FULL VISION PANEL METER 2%" square, scaled 
0-100 but scale easily resnoved for rewriting, £1 each, 
Order Raf. 756. 

VU) METER iNuminate this trom behind becomas 6n/of in- 
dicator as wall, 1%" square, TSp each, Order Raf, 266. 
BOGE-WISE PANEL METER Idast when short of panel 
gnace only 40 x 14mm, algo have Built-in led, SOQpA fadd, 
acaled 0-5, £1 each, Orcer Ref. 131. 

PCB DRILLS 12 asgorted 3/283 Detween 75 and 1.5mm, £4 
tha lot, Order Ref. 128. 


Order Ref. BO8S1 








Prices include V.A.T. Send cheque/postal order or ring 
and quote credit card number. Add £3 post and packing. 
Orders over £25 pos: free. 


M & B ELECTRICAL SUPPLIES LTD 


12 Boundary Road, Hove, Sussex BN3 4EH 


Telephone (0273) 430380 
Fax or phone (0273) 410142 








New Practical Electronics 
1992 Readers’ Survey 


At Practical Electronics we care what our readers think of the magazine. We'd like you to help us 
produce the magazine you really want to read by filling in and returning this short questionnaire. If 
you'd like to take part, simply go through the questions ticking or writing in as appropriate, then send 
the completed form to PE 1992 Reader Survey, FREEPOST, London W12 9BR. It won't cost youa 
Stamp unless you live outside the United Kingdom. Use a photocopy if you prefer not to damage 
your magazine. 

As a special bonus, Sony Recording Media Company have provided 50 of their UX Turbo 90 minute 
Super Chrome Position car stereo cassettes which we'll give to the first 50 replies we pull out of the 
editorial hat on the 18th August. 


Where did you obtain this copy of Practical Electronics? 
I...By subscription 
...Regular order with newsagent 
_I...Casual purchase from local newsagent 
_I...Casual purchase from high street newsagent 
I...Casual purchase from station/travel point 
...Casual purchase from street news-stand 
...Other 


In the past six months, now many issues of Practical Electronics have you bought? 
...6issues ...5issues ...4issues O...3issues ...2issues W...1 issue 


How long have you been a regular reader of Practical Electronics? 











...For up to six months J...Over five years 
_J...One year J...1 am not a regular reader 
I... wo to five years _I... This is the first issue | have bought 


Does anyone other than you read your copy of Practical Electronics? 
4...Yes ...No_ ...If yes, how many? 


Practical Electronics regularly contains articles of the types listed below. Please indicate 
your degree of interest in each type of article 


Very Moderately | Not very | Not | 
eee eee _ interested ___ Interested _ Interested _ = interested 
1 News | 


9. Show report 
6 Construction project. 
7 Technical feature | 


Do you regularly read a newspaper? 
If so, which newspaper? 


Do you regularly read any news or lifestyle magazines? 
If so, which ones? 


Do you regularly read any of these other Electronics/Science/Technology magazines? 
1. | 











..Maplin Magazine ...Nature ...Sound & Vision Shopper 
J...Everyday Electronics J...Science Probe ...What Video 
_J...Popular Electronics J...Scientific American J...What HiFi 
_J...Computer Shopper J...New Scientist ...Byte 
J...Personal Computer World ...PC Direct Lj...PC Plus 














Which of the following equipment do you own, or intend to buy or upgrade in the next year? 











eens Own.............BUY......... Upgrade 
Video cassette recorder ........ Ea e omaeueseree! 5 eet | 
Computer (eg Atari ST, Commodore Amiga, PS) issaees ere 5 eee | 
CD-I/CD-TV ........ @ Peres x eee = 
Satellite dish and decoder ........ 2 eer re 2 erence Ly 
Cable TV connection ........ il peer re te ED pepenpnaaeeies = 
Fax machine/telephone answering machine .......\N.... eee 5 ee im) 
High Definition or Wide Screen TV ........ a eee Ll psisnouseuetanra: = 
Video Camera (8mm or C-VHS) and editing equipment ........ AU isneesvcunnpee oS eee a 
Portable radio/cassette/CD/DCC ......... i Pree tl Seen ee | 
Hi-Fi radio/cassette/CD/record deck ........ ED ech vescetedeers: 2 eee | 
Pocket TV/Pocket Hi-Fi (eg Sony Watchman or Diskman) ......-. a eee Sl Peereerercererr i 
Pocket electronic game (eg Nintendo GameBoy) ........ S eee 3 Seer I 
TV console electronic game (eg Super NES) ........ Ll cncnoensviaeenae: 5 eo a 
Personal organiser or palmtop computer ........ i eee err ED cieseuntedeenens OQ 
Musical equipment (effects, mixers, MIDI, synthesisers) ........ 2 er a eee QO 


What age-group are you? 
4 Underi6 ...16-24 @...25-34 @...35-44 @...45-54 O...55-64 O1...65+ 


Sex 
...Male ...Female 


Occupation 
Q...Manual 4... Office ...Unemployed or retired 


Your income 
Gross annual income 
Up to £5,000 €5,001-£10,000 £10,001-£15,000 £15,001-£20,000 £20,001-£25,000 Over £25,000 
J J = J J a 


Qualifications held 


Where do you live? 
O...City O...Large town ...Small town ...Rural/village 


Please fill in your name and address, if you wish to enter the prize draw 


WAG CSS onccc cians dskadonnstidunendidtudbesiniaraiexeiiemsiawesteiaeeee mone tee Espa icapeacencestaatias 
TOW C OUIY a ciesecionfaaatavagetetevenstusecinectquperaedeentaseseceasunnsaataancenn enya prmeemoorey tt 
POSICOGG iysicisendecaciastetncteeGnsegetmecans (COUNUY) iccccapicntintatarpiantoneenuteentenndieunsyacem 


Prize draw entry rules: 1— The draw is open to anyone who returns this filled-in response form or a photocopy before the 18th 
August 1992. Completed forms must arrive by second post on the 17th August. We accept no responsibility for lost forms or delays 
in posting. 2— Only one entry per reader will be accepted 3- The first fifty names drawn at random will be prize winners. 4— The 
prize draw will take place on the 18th August 1992 and the winners will be informed by post by the 31st August 1992. 5— The draw 


is not open to employees of Intra Press. 6- The Publisher’s decision will be final and no correspondence will be entered into 
regarding the outcome of the draw. 


Test drive a Sony tape 






simplifying the customer’s choice by introducing a tape specifically 
designed for in-car stereo use. 


The selection of optimum tape formulation and shell construction, 


Si" the originator of the audio tape, has taken the first step towards 


| RS Ye : combined with unique features, creates a product which offers enhanced 

LY ae 7 use with In-Car Entertainment systems. 

SS y Wi Sony UX Turbo tapes improve durability and functionality with these 
WwW Me special features: 


@ Rigid welded shell reduces tape vibration 

@ 115° Centigrade heat resistant shell that stops it warping 

@ No-slip grip and raised marker on shell for ease-of-use 

@ Special adhesive labels that won't jam cassette players 

Sony Turbo Super Chrome Position tapes have one of the lowest bias noise levels. 
Sony is a registered trademark of Sony Corporation, Japan 


Information given in your reply may be made available to other organisations for mailing and marketing purposes. Please tick this box if you do not 
wish to receive such information ...'1 











Classifieds 





cs Classifieds 


Reach thousands of serious electronics enthusiasts with your message. Take 
advantage of our free classified advertisements with the form on page 47. For 
commercial advertisements or semi-display (boxed advertisements), contact 
David Bonner on 081-743 8888. Send to Practical Electronics Classifieds, Intra 


House, 193 Uxbridge Road, London W122 9RA 





Start training now for 
the following courses. 


LU Telecomms Tech C&G 271 
UW Radio Amateur Licence C&G 
L) Microprocessor 

UW) Introduction to Television 


Send for our brochure - without obligation or 
telephone us on 06267 79398 (Ref: PE8/92) 


Radio & Telecommunications 
Correspondence_School, 
12 Moor_View Drive, apenmoutn, 
Devon TQ14 9U 


BTEC ELECTRONICS 
TECHNICIAN — 
FULL-TIME TRAINING 


THOSE ELIGIBLE CAN APPLY FOR E.T. GRANT SUPPORT 
AN EQUAL OPPORTUNITIES PROGRAMME 


O.N.C. H.N.C. O.N.D. 
Next Course Commences 
21st September 1992 
FULL PROSPECTUS FROM 


LONDON ELECTRONICS COLLEGE 
(DEPT. EE) 20 PENYWERN ROAD 
EARLS COURT, LONDON SW5 9SU 
TEL 071-373 8721 








TURN YOUR SURPLUS 


ICS transistors etc into cash, immediate 
settlement. WE welcome the opportunity to 
quote for complete factory clearance. 
Contact: 
COLES-HARDING & CO., 
103 South Brink, Wisbech, Cambs. 
ESTABLISHED 15 YEARS 
Tel: 0945 584188 - Fax: 0945 588844 












Recycle your old projects and generate 
useful cash from spare components 
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Retailers 


Project your 
retail image 
here! 
@®9@eeee ee 
Phone David Bonner 


for details on 
081-743-8888 





CRICKLEWOOD 
ELECTRONICS 


One of the largest ranges of 
components in the UK! 
40 Cricklewood Broadway, 

LONDON NW2 3ET 
Tel: 081-450 0995/452 0161 





Modernising your workshop? 
Sell your old equipinent 
through PE Classifieds pages. 


FOR SALE 


_ Practical Electronics 
in Binders volumes one 
(1965) to ten (1974) and 
later loose copies. Offers 
for lot (0905) 54318. 










-~ Computer Parts 





CAMBRIDGE COMPUTER SCIENCE LIMITED 







LCD modules.......... 16 char by 1: £4.00, 20 char by 2: £6.00, 40 char by 1: £8.00 
5.25" Disk Drives, 80 Tk, DSDD ooooe.e eee cecceccsececccccsccecssesesecetececeeseeee. £25.00 each 
5.25" Disk Drives, 80 Tk, DSDD Used, No Wty .......0ccccccccceseseseeseseeeees £9.00 each 






(The £9.00 drives are sold on a stricly ‘as is’ basis) 

5.25" Disks, DSDD, 48tpi, boxes of 10 (free disk cleaner with 5 boxes) .£3.00/box 
Digital multimeter, 14 ranges, inc leads & MANUAl......eeeeccecceeecescesees £10.00 each 
Apricot Disk drive PSU 5V @ 2.5A, 12V @ 2A... cocecccccccccccecsccceceeseees £10.00 each 
Disk Drive Data lead BBC Micro to Disk Drive(s) ...Single £2.00 Dual £4.00 each 
Disk Drive Power lead BBC Micro to Disk Drive(s) Single £2.00 Dual £4.00 each 
BOBG CPU GRIDS eis cecssecessacaencxsesesins 3 sessvevesssdvaeeusanttadaverartaviatbiccsdesaseeesd £2.00 each 
Z80A CPU, CTC, PIO £1.20 each; DMA £2.00... ecececccceccsccsceseceseeeeees £4.50 all 4 
27128 EPROMS (Ex equipment) .....0....cccccceeceeceeeereeseeees £1.20 each or £5.00/5 
256K DRAM (Ex equipment)... ccceccceceeseesevssesecsecsseseeseveseseesseeses £0.40 each 











IMBit-10 DRAM (Ex equipment)........0.0...0ccccccccccesceeceesesececsssececssseesesees £1.40 each 
256K Byte DRAM Modules, removed from equipment ............cccccceceee- £6.00 each 
16, 18 & 20 pin dil low profile IC sockets 0.3" wide £0.40/10 ....c.cccccccsee. £3.00/100 







22 & 24 pin dil low profile IC sockets 0.4" wide £0.40/10 .....ececccccceceeee. £3.00/100 
24, 28, 32, 40 & 48 pin dil low profile IC sockets 0.6" wide £0.40/10 .....£3.00/100 







Circuit tester, finds faults in TTL & CMOS logic circuits, inc leads ....... £8.00 each 
Metal project boxes drilled & painted but unused 28 x 32.5 5cm.......... £5.00 each 
Used computer cards many useful components (large ones socketed) 

Floppy disk card (NEC FDC chip) £1.00 Wini controller (WD HDC chip) £1.00 each 
CPU card (8088, Z80 & EPROMS) .........cccccccccccecescessesesesscststsveveeecseeceveveees £3.00 each 
Keyboards, full QWERTY, number pad and LCD 0o....ececseecccecesesescececseeees £8.00 each 
Desktop computer case with 200W mains PSU (used) ........ccceeceeeseeeeeeee £30.00 each 


Prices include postage. Add 50p (plus VAT) to orders below £5.00 
All items new unless stated. Add 17.5% VAT to all prices. 
Send an SAE for our latest list or for more info. 
Dept PE, 374 Milton Road, Cambridge, CB4 1SU 
Tel: 0223 424602, 0831 430496 or 0831 430552 (Mail order only) 












Components 


CATALOGUE £1.00 + 25 P&P 


LEDs 3mm or 5mm red/green 

High intesity red,green or yellow Smm 30p each 
Cable ties Ip each £5.95/1,000 £49.50 per 10,000 
Stepping motor 4 phase 12V 7.5' step 50 OHMS waiteccescsscssssssssessssssssssen £8.95 
SAA1027 stepping motor driver ChIP .....ccccccssssccsssssscssssssesessssessssssssssen £3.95 
FM Transmitter kit good quality SOUNG .......scsssssssssssesessecssssssseeeeeeeseen £8.60 
High quality photo resist copper clad epoxy glass boards 

Dimensions single sided double sided 

3x4 inches £0.95 £1.07 

4x8 inches £2.40 £2.68 

6x12 inches Door - 

12x12 inches £10.66 


6p each. Yellow | Ip each, 


Special Offers 


Computer Grade Capacitors with screw terminals 38000uf 20V......... £2.50 
87,000uf 10V £1.95, 68,000uf 15V £2.95, 10,000UF 16V.u...ccccececee £1.50 
7 segment Common anode led display 12MM wu..c..cscssssssessssssseeeeseeeseee £0.45 
LM2931ATS5.0 Low drop out 5V regulator T0220 package....1... cs. £0.85 
BS250 P channel MOSFET £0.45, BC559 transistor .............. £3.95 per 100 
74LS05 hex invertor £10.00 per 100, used 8748 Microcontroller ........ £3.50 
TV Main switcth 4A double pole with momentary contacts for remote control 
pack of 10 £3.95 box of 60 £19.95. 

DC-DC converter Reliability model V12PS 12v in 5v 200ma out 300v input to 
output Isolation with data $4.95 each or pack of 10 £39.95 
Hour counter (used) 7 digit mains 240V AC SOHZ ....ccessssecsssseesssseeesen £1.45 
Resistor pack 2500 resistors 1/8-2W 50 different values.........sssssssseeeeee £8.95 
Qwerty keyboard 58 key good quality switches NeW www £5.00 
Qwerty keyboard with serial output, no data wicccccccccccsccssscsssesssseen £5.00 


Wide range of CMOS TTL 74HC 74F Linear transistors kits 
Rechargeable batteries, capacitor tools etc always in stock. 
Please add 95p towards P&P - VAT Included 


JPG Electronics 276 - 278 Chatsworth Road 
Chesterfield $40 2BH 





Practical Electronics Classifieds 
list the best sources for unusual or 
back catalogue components 


























- Miscellaneous 





Greenweld 


Newsline 
0891 505 121 


Calls charged at 36p/min cheap rate, 48p/min other times 
For a weekly update on our latest 
surplus bargains — call now!! Our latest 
list FREE from GREENWELD, 27 Park 
Road, Southampton SO1 3TB 


AMATEUR 
RADIO 
TODAY 


Broaden your 
horizons. 


Subscribe to the world's 
leading Radio Ham magazine. 
European rates for surface 
and air mail available on 
request from: 


73 Amateur Radio Today 
PO Box 50330 
Boulder, CO. 
80321-0330 
USA 




















Study Electronics on the BBC 
Micro. An interactive approch to 
learning. Four program titles available. 
‘Introduction to Electronics Principles’, 
‘Electronics Mathematics’, ‘Digital 
Techniques’ and now ‘Programming 
for Electronics’. Programs include 
theory, examples, self test questions, 
formulae, charts and circuit diagrams. 
User inputs and calculated outputs. 
£29.95 each + £2.00 P&P. Cheque or 
Postal Order to EPT Education 
Software, Pump House. 





Components 





Classifieds 


STA ALLEL 











SURPLUS/REDUNDANT ELECTRONICS 
COMPONENTS WANTED 


ICs - Tuners - Transistors - Valves - Diodes etc - any quantity 
considered -immediate payment. 


ADM ELECTRONICS SUPPLIES 
Tel 0827 873311 Fax: 0827 874835 


Cooke International 


. FORSALE | 
Wide range of used test equipment also 
manual copy service available 
Saturdays Only 
Open our bargain store 10am-4pm 
Cash Items to clear 


Contact: Cooke International, Unit Four 
Fordingbridge Site, Main Road, Barnham 
Bognor Regis, West Sussex PO22 0EB 
Tel: 0243 545111 Fax: 0243 542457 


















Open 
Mon-Fri 9am-4:30pm 
Send SAE for lists 


SOLAR PANELS 


Special offer. 12V nominal (20V OC), 
80 milliamps, 12 inch x 6 inch pre- 
wired amorphous silicon panel £4.50. 
Many other sizes, wind generators and 
other products. Orders to: 
Robert Keyes, Gwlied, 4 Glanmor 
Crescent, Newport NP9 8AX 


Catalogue 2 x ist class stamps 


Problems 
with your project? 

Kit assembly, problem investigations, 
design work undertaken. Hourly rates 
or fixed prices available. Contact 
SEDS, 205 London Road, Wesicliff- 
on-Sea, Essex SSO 7BP 





Wanted: Set of Practical Electronics 
1964 to approx 1980. Mr Bristow, 6 
Finmere, Bracknell, Berkshire RG12 
TWF, or 0344 425638 after 9PM. 

PTFE 





Suma Desiqns 

sell top quality surveillance 

equipment in kit form or as 
ready built units. 

See our full page display ad in 

this issue 


Contact 


HST for all your component 
needs. Send for your free 
catalogue and details of 
special offers. 


HST Ltd, 
Technology House, 
Prospect Road, 
Cariton, Nottingham 
NG4 6LA 
Tel: 0602-587225 
Fax: 0602-484530 




















OMNI ELECTRONICS 


stock a wide range of electronic components at 


174 Dalkeith Road, Edinburgh EH16 5DX 
Tel: 031 667 2611 


Open Mon-Thu 9.15am—6.00pm 
Fri 9.15am—5.00pm 
Sat 9.30am—5.00pm 


boooes rte | 
1990/91 catalogue costs £1.50 = 
contains vouchers to use against purchases 


Do you have your copy yet? 





PTFE Low Friction material in 0.8mm 
sheet at 25p per square inch and 
10mm thick blocks at £1.00 per 
square inch. SAE for details of 
Telescope Drive Systems and clocks. 
AWR Technology, 67 Thornbridge 
Road, Deal, Kent. 


a photocopy and send it to David Bonner, PE Classifieds, Intra Press, Intra 
This scheme is for private individuals only. We cannot accept bookings by 
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Project 


Build An Auto-Ranging 
Tuning Fork 

















This months project is an all electronic way of tuning musical instruments to an accuracy 
of one eighth of a note. John Becker explains how to build it. 


Prone of acoustic and elec- 
tronic music instruments can 
all benefit from this tuning 
aid. Consisting of a frequency 
counter and electronic look-up 
table, it analyses a musical input 
signal and displays data about its 
octave, note and tuning accuracy on 
three banks of LEDs (light emitting 
diodes). Data is split into 12 notes 
per octave, encompassing six 
octaves across the frequency range 
94Hz to 2047Hz. Tuning accuracy is 
to within one eighth of a note. A 
reference tone generator is included 
as an optional extra. Acoustic 
instruments are monitored via a 
microphone input and variable gain 
preamp. Electronic instruments 
may be plugged in directly. 

The block diagram for the com- 
plete tuner is shown in Fig.1. Fig.2 
shows the main control and display 
circuit, excluding the reference tone 
generator. 











32768Hz 1/32768 
CLOCK DIVIDER 
PREAMP 


ff PULSE 
SHAPER 


ANALOGUE 











PULSE JP WAVEFORM 
EXTENDER SHAPER 
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Timing Control 


sampling of the musical input fre- 
quency is carried out at a rate of 
1Hz. A master clock frequency of 
32768Hz is generated by the crystal 
controlled circuit around [C1a. IC2, 
a 12-stage binary ripple counter, 
divides this frequency by 4096, pro- 
ducing an 8Hz output at its Q11 
pin. One half of the dual 4-stage 
binary counter IC3 (IC3a) further 
divides the rate by eight. The posi- 
tive-going edge of each 1Hz square 
wave pulse at IC3a’s QA2 output 
triggers one half of the dual monos- 
table IC4. The resulting anti-phase 
pulses at pins 6 and 7 of IC4 control 
the latching of the LED-driving con- 


trol registers IC6 and IC9-IC11. R3 


and C4 set the latch pulse duration 
to about 1 microsecond. When IC4 
pin 7 reverts high at the end of the 
timed period, the positive-going 
transition triggers the second 








p41 COUNTER Dai» 


DIGITAL 


7 RATIO — 
DIVIDER x orl ECT =e=—"O 7 


DIS 
CONTROL 
REFERENCE DATA 
> TONE 
OUTPUT 














Lee: 


Fig.1. Block diagram of complete tuner 





monostable within IC4, resulting in 
a positive-going pulse from pin 10. 
This is the system’s master reset 
pulse and its duration is set at 
about 1 microsecond by R4 and C5. 


Toning Up 
The principal input to the circuit is 
via the pre-amp stage around [C5a. 
Electronic instrument signals may 
be connected directly to this stage. 
Alternatively, a high-output micro- 
phone may be plugged in for moni- 
toring acoustic instruments. VR1 is 
a panel-mounted control which sets 
the stage gain to between x1 and 
x100. The output from IC5a is fed to 
the comparator stage around IC5b 
which further amplifies and 
squares the amplitude of signals 
above the hysteris threshold set by 
R8 and R11 in conjunction with the 
reference level set by R9 and R10. 
Passing via S2, the outputs are 


NATURAL 
NOTE 


p72 
+ 


TUNING 
PROXIMITY 














brought up to full line level by the 
Schmitt inverter IClc and provide 
the clock pulses for the 12-stage 
binary counter IC7. Electronic musi- 
cal instruments producing constant- 
amplitude pulses may be brought 
directly into IClc via the second 
path of S2. The maximum ampli- 
tude may be between about 4V and 
9V. The minimum amplitude 
should be less than 1V but not sig- 
nificantly lower than OV. 

IC7 counts the output pulses 
received from IClc over a period of 
exactly one second and its outputs 
provide the address code to the 
look-up table held within the EEP- 
ROM (electrically erasable pro- 
erammable read only memory) IC8. 
The memory holds data codes 
which provide information on how 
the sampled frequency relates to 
musical tones. The first three bits 
(D0O-D2) of the 8-bit code hold the 
tone values as numbers between 0 
and 7, representing notes A-G. Bit 
D3 indicates whether the note is a 
natural tone or a sharp. Bits D4-D6 
provide information on how close 
the monitored frequency is to the 
precise frequency for a given note. 
Bit D6 indicates whether the moni- 
tored tone is above or below the 
optimum tuning pitch. 

Outputs DO-D2 and D4-D6 are 
routed to inputs AO-A2 of the two 
latching multiplexers IC9 and IC11, 
providing the respective address 
codes which control their output 
lines. At the end of each one second 
counting period, pins 4 of IC9 and 
IC11 receive a negative-going pulse 
from IC4 pin 7 which transfers the 
data on the address inputs to an 
internal register. The address sets 
the corresponding output line high, 
providing current to a monitoring 
LED. LED7-LED13 monitor the 
note value lines and LED14-LED21 
display the tuning accuracy value. 
Simultaneously, bits D4 and D7 are 
latched into the D-type register 
IC10 whose QO and Q1 outputs 
control LED22 and LED23. IC10’s 
latching is triggered by the positive- 
going pulse on its pin 9 as supplied 
from IC4 pin 6. 

Relative octave values are not 
directly set by memory output 
codes. Instead they are produced 
via a counter which responds to the 
transitions from note G to note A 
during IC7’s count sequence. 
Memory bits D1 and D2 are 
NANDed by IC1b. When both lines 
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Fig.2. Control and display circuit diagram 


are high, as they are for codes 6 and 
7, IClb pin 8 is set low. When the 
code changes from 7 to 0, IC1b pin 8 
goes high, providing a clock pulse 
to the second 4-stage counter within 
IC3 (IC3b) whose QBO-QB2 outputs 
are fed as the address inputs to the 
multiplexing latch IC6. Latched by 
the same control pulse as IC9 and 
IC11, IC6 controls LED1-LED6 
which display the corresponding 
octave count value. R12 and C3 are 
included to fractionally extend the 
clock pulse seen by IC3b’s clock 
input. 

At the end of each latch com- 
mand, IC4 generates a pulse which 
resets IC7 and IC3b whereupon the 
signal input pulse counting 
sequence restarts. Since the LEDs 
are powered via the latching regis- 
ters, they retain their display status 
until the next latching pulse is 
received. 


Reference Tone 


The circuit for the optional refer- 
ence tone generator is shown in 
Fig.3. It is not necessary to build 
this part in order to use the main 
display facilities but, as most musi- 
cians will know, it is useful to also 
have an audio reference frequency 
when tuning instruments. Ideally, 
the reference tone should have been 
produced using a separate crystal 
controlled oscillator which would 
allow for the signal to be set at pre- 
cisely 440Hz (Concert A). However, 
to keep this unit simple, it was 
decided to sub-divide the existing 
32768Hz master frequency and to 
accept a slight compromise on the 
reference tone precision. 

In order to obtain 440Hz from a 
32768Hz master frequency a divisor 
of 74.4727273 is required. However, 
a digital unit can only divide by 
integers, consequently the frequen- 
cies nearest to 440Hz obtainable 
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Fig.3. Reference tone generator circuit 


from 32768Hz are 442.8Hz and 
436.9Hz, dividing by 74 and 75 
respectively. Both frequencies have 
been made available from the refer- 
ence generator shown in Fig.3, 
using S1 to switch between them. 
When using the reference output to 
assist in the aural tuning of an 
instrument to 440Hz, S1 should be 
switched back and forth until the 








100 
110 
120 
130 
140 
NEXT 


K)*16+14 
180 
190 
200 
210 
220 
230 
240 
250 


[TFY=OTHENJ=F : GOT0350 
FORJ=FTOYSTEP=1 

NEXT :J=F 

280 ITFN=N2THEN350 

290 ITFJ=OTHENY=F:G0T0350 
310 FORY=JTOF 

NEXT: Y=F:N2=N 

350 NEXT 


360 REM DECIMAL TO HEX 
370 W$="123456789ABCDEF” 


PRINT” FINISHED” :STOP 


W*A:GOTO430 420 PRINT”0O”; 
430 NEXT:PRINT” “;:RETURN 
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REM TUNING FORK PROG322 
DIMN(11),A(2047) :R=0:N2=16 
DATA2Z,10,3,11,4,5,13,6,14,0,8,1 
FORB=OTO11:READN(B) : NEXT 
DV=LOG(2)/12:FORF=1T020: IFEXP(DV*F)<1.71875THEN- 


O4JUN91 


190. A=LOG(1 71075 )=(0V=CF=1)) 
16Q FF=54:FORF=OTOFF-1:ACF)=0:NEXT 
170 FORF=FFTO2047:L=LOG(F)/DV:K=INT(L/12)*12;W=(L- 


N=INTCW-2)/16-1:1FN-INTON) >=. 5STHENN=N41 

N=INTON) : V=CKHN) *DV+X:S=EXPCV): TFN>LITHENN=N-12 
FEINDTCCF+.0051)*100)/100:S=INT((S+.0051)*100)/100 
ACF )=NCN): TFF<>INTOCS) THEN2Z80 | 
AA=1:BB=/7: IFF-Y>BBTHENAA=BB/(F-Y) 


MS=A(J)ANDI5:MT=INT(BB+.5):A(J)=MS+(16*MT) 260 
PRINT "#”J;MS;MT,A(J):BB=BB-AA: IFBB<OTHENBB=0 270 


300 AA=1:BB=7:1FF-J>BBTHENAA=BB/(F-J) 


320 MS=ACY)ANDI5:MT=INT(BB+.5):ACY )=MS+(16*MT)+4+128 330 
PRINT’ *”Y5MS;MT,ACY):BB=BB-AA: IFBB<OTHENBB=0 340 


380 FORB=0T02047:1FB/8=INT(B/8) THENN=B: H=3: 
PRINT:GOSUB400 390 H=1:N=A(B):GOSUB400:NEXT:PRINT: 


400 FORT=HTOOSTEP-1:A=16%T:REM 16 TO POWER OF T 
410 TFN/A>=1THENW=INTON/A):PRINTMID$(W$,W,1);:N=N- 


beat frequency between the refer- 
ences and the instrument are simi- 
lar. If one beat frequency is signifi- 
cantly faster than the other, the 
instrument is not tuned between the 
two references. 

The 32768Hz clock signal is 
brought into the 7-stage binary rip- 
ple counter IC12. The outputs corre- 
sponding to the logic one states of 











































the binary codes for decimal 74 or 
75, as partially selected by S1, are 
ANDed by IC13a which resets IC12 
when the correct binary combina- 
tion prevails. The reset pulse length 
is fractionally extended by the 
inclusion of C15, D2 and R20 to 
allow the buffering AND gate 
IC13b to also respond reliably to the 
pulse. From IC13b, the pulse is fur- 
ther extended by D1, R10 and C7 
resulting in an output from the 
Schmitt inverter IC1d which closely 
approximates a square wave. R19 
and C8 smooth the output to a 
rough triangular shape which is 
softer on the ear when fed via the 
buffering opamp IC14 and level set- 
ting preset VR2 to the user’s own 
audio amplifier. 





Software 
Either an EEPROM or an EPROM 
with identical pinout functions may 
be used to hold the look-up table. 
Constructors must have access to a 
suitable programmer in order to 
load the chip with its data. The data 
codes should be calculated on a 
computer programmed with a suit- 
able variant of the Basic software 
listing in Fig.4. The listing was writ- 
ten on a Commodore 3032 comput- 
er but is readily translatable for 
other machines. For constructors 
without a computer, a hex dump 
listing is available from the PE 
Editorial office at a charge of £2. 
Full discussion of the software is 
beyond the scope of this article 
although the following points are 
pertinent to a basic understanding: 
The frequency of musical 
octaves increases at a logarithmic 
rate, each octave having twice the 
frequency of the preceding one. 
Taking Concert A as 440Hz, note 
‘A’ of the immediate octaves to 
either side has frequencies of 55Hz, 
110Hz, 220Hz, 880Hz, 1760Hz, 
3520Hz. The notes within each 
octave also increase in frequency by 
equal logarithmic steps. In essence, 
the software takes in turn each inte- 
ger frequency between 54Hz and 
2047Hz (the maximum memory 
size) and calculates its relationship 
to the ideal frequency of the nearest 
tone within a twelve tone scale. 
Numerical values are allocated to 
represent the natural notes A to G 
and a further bit is set to indicate a 
sharp. Although it is accepted that 
some musical purists may disagree 
with the notation, the twelve tone 
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Fig.5. Printed circuit board component layout 


scale has been taken as A, A#, B, C, 
C#, D, D#, E, F, F#, G, G#, A. 
Program line 120 gives the numeri- 
cal values allocated to represent the 
11 different notations, commencing 
with note C. 

Lines 140 and 150 take 
1.71875Hz (the frequency of the first 
sub-octave of note A above 1Hz) as 
a base from which a logarithmic 
value for an interval of one twelfth 
of a tone is calculated. During the 
subsequent looped processing, each 
time the loop integer is found to be 
the value closest to the ideal fre- 
quency for a tone, the frequency 
interval between this tone and the 
previous one is split into eight inte- 





ger subdivisions which are retro- 
spectively ANDed with earlier note 
data values stored in array variable 
A( ). Additional subroutines AND 
further data relating to whether the 
frequency is above or below the 
ideal. The print statements in lines 
260 and 330 provide screen infor- 
mation on the progress of the main 
loop subroutines. On completion of 
the full calculation routine, the 
stored decimal data is coded into 
the hexadecimal (hex) format usual- 
ly required by E(E)prom program- 
mers, printing the data to screen. 
Users should include additional 
commands in this routine to send 
the data to printer or disc. 
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Before running the program in 
its entirety, check that the follow- 
ing results (or close to them) are 
produced by the computer: 

Log(2) = 0.693147181 

DV = 0.057762265 

X  =0.0217368971 

EXP(2) = 7.3890561 

(DV and X may be displayed as 
5.776226E-02 and 2.173692E-02.) 

In the hex dump, addresses 
0000 to 002A all hold zeros (00), 
then the next four lines should 
read: 

0030 00 00 00 00 00 00 60 FO 

0038 EO 68 F8 E8 61 F1 El D1 

0040 62 F2 E25A 6A FA EA 53 

0048 63 F3 E3 D3 6B FB EB DB 

As a further programming 
guide, the following is a list of cal- 
culated frequencies in Hertz for 
the designated notes in the octave 
commencing with Concert A: 

A 440.0 

A# 466.163762 

B  493.883302 

C 320.201091 

C# 554.365263 

D  587.329536 

D# 622.253968 

BE O57. 2Z00119 

F 698.456464 

F# 739.988846 

G 783.990873 

G# 830.609396 

A 880.0 


Tuning Up 

The circuit has been designed to 
run from a 9V DC supply, such as 
a 9V battery eliminator (mains 
adaptor) regulated down to 5V by 
IC15. 

Fig.5 shows the printed circuit 
board component layout and Fig.6 
shows the tracking details. For 
compactness, 10-way DIL LED 
modules were used on the Author’s 
model, ignoring the unused LED 
positions. Individual LEDs may be 
used instead if preferred. It is rec- 
ommended that sockets should be 
used for all ICs and for the LED 
modules. Note that two of the link 
wires on the PCB go below IC8. C10 
may be mounted below the PCB 
allowing the board to be mounted 
flush with the front panel of a suit- 
able box in which slots are cut for 
viewing the LEDs. 

Thoroughly check all soldered 
joints at the end of assembly, in par- 
ticular making sure that solder 
bridging between close-run pads 
and tracks has not occurred. Before 
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Fig.6. PCB track details 


inserting any IC except IC15, check 
that with power applied to the 
board the output of IC15 delivers 
SV. A voltage significantly below 
this could indicate a power line 
short. If the voltage is above 5V it is 
likely that IC15 is incorrectly insert- 
ed: 

With all ICs on board, if the cir- 
cuit fails to work first time switch 
off and recheck the assembly. No 
setting-up is required, just couple 
the unit to a variable frequency sig- 
nal source, adjust VR1 to suit the 
input level and observe the LED 
responses. If the reference tone 
board has been built it may be used 
as the initial signal source, and may 
itself be checked by plugging it into 
any normal amplifier system. 
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A voltmeter can be used to check 
that a 1Hz signal is being produced 
at the output of IC3 pin 5. The 
meter can also be used to check the 
status of the later outputs of IC7 
and of the memory outputs when 
an input signal is being fed in to the 
preamp. Should none of the LEDs 
appear to function, check that they 
are correctly oriented in their sock- 
ets. 

When tuning an instrument, its 
note duration and amplitude 
should be sufficiently great to allow 
the tuner time to respond to several 
sampling cycles. The optimum tun- 
ing accuracy will be indicated by 
LED22 alternating fairly uniformly 
between on and off. a 





Components 


Resistors 
R1 10M 
R2 2k2 
R3-BR6, R12,R21 10k 

















R7,R8,R18-R20 100k 
R9, R10 4k7 
R11 1M 
R13-R1/ 470R 






All 0.25W 5% or better 










Capacitors 
Gi, G2 15p polystyrene 

15n polyester 

10p polystyrene 
22uu 16V electrolytic 
C9 1u 16V electrolytic 
470u 16V electrolytic 
C11 68p polystyrene 
100n polyester 

1n polystyrene 
















Semiconductors 














Di 02 1N4148 
IC1 74HC132 
IC2, IC7 4040 

IC3 4520 

IC4 4538 

IC5 TLO82 
IC6,1C9,1C11 74HC237 
IC8 2816 EEPROM (see 
text) 

IC10 74HC174 
IC12 4024 
IC13 4082 
C14 741 

IC15 7805 






LM1-LM3 10-way DIL LED modules 







Potentiometers 
VR1 1M lin rotary 
VR2 10k min horiz preset 








Switches 


$1, 92 SPDT min toggle 







DIL IC sockets 
8-pin x 2, 14-pin x 3, 16-pin x 8, 20- 
pin x 3, 24-pin 








Miscellaneous 
32/68Hz crystal, printed circuit 

board, PCB supports x 4, input and 
output sockets to suit, knob, box to 
Suit. 









Constructors note 
The Author’s semiconductors were 
purchased from RS/Electromail. 
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Q&A 


Andrew Armstrong explains how to go about turning a project idea into a practical device. 


recent reader’s letter to 
A teimiaues expressed the 

reader’s dismay that, having 
written to several electronics suppli- 
ers requesting a circuit diagram for 
an application he wanted to build 
and a parts list and quotation for 
the necessary parts, he had received 
no joy from any of them. The appli- 
cation was of medium complexity 
and non-standard design. 

If our reader had asked for, let 
us say, a circuit for a simple radio 
receiver using a standard radio IC, 
then it is quite likely that Maplin, 
Cirkit, or somebody else would 
have been able to locate a standard 
circuit and maybe have a PCB or 
complete kit available. Because the 
reader’s requirement was not for a 
standard application, the supplier 
would have had to spend a mini- 
mum of several man-hours, and 
maybe several man-days, to design 
a suitable circuit for this project. He 
would have to do a thorough job, 
because the customer would have 
the expectation that it would work 
first time, and would no doubt 
expect him to make it work if there 
were any design errors. 

Indeed, to design this particular 
application for industrial manufac- 
ture — which, to be fair, is not 
implied in the reader’s request — | 
would probably have made a 
charge somewhere in the low thou- 
sands of pounds. And this is not 
expensive. Clearly, this is an over- 
large commitment for a components 
supplier to sell a few tens of 
pounds’-worth of parts! 


Design Stages 


How does one go about producing a 
design, whether as a magazine pro- 
ject or as a product to be manufac- 
tured? 

To avoid giving away any cur- 
rent trade secrets, I will use as an 
example something which I 
designed some years ago. 

This started with a friend who 
was tired of his car windscreen- 





wipers scraping the glass in condi- 
tions of light drizzle (this was 
before the days when car manufac- 
turers had developed the type of 
windscreen wiper which scrapes the 
glass even in conditions of heavy 
rain) asked me if it was possible to 
design an intermittent wiper which 
would accommodate itself to the 
weather conditions, rather than only 
being suitable for a narrow range of 
precipitation. I suggested a variable 
delay unit, but he didn’t want to 
drill extra holes in his dashboard. 
No problem, said I, confidently. I 
can design a variable windscreen 
wiper delay unit which does not 
need any extra controls to be fitted 
to your Car. 

The method I chose was to detect 
operations of the windscreen wiper 
switch, to time the inter- 
val between two succes- 
sive operations, and to 
automatically operate the 
windscreen wipers with a 
time delay equal to the 
measured time period. 

The timing was car- 
ried out by charging a 
capacitor via a large resis- 
tor, after the first switch 
operation, and switching 
off the charge current 
using a bipolar transistor 
after the second switch 
operation. A relaxation 
oscillator using the same 
RC time constant was 
then used to control the 
wipers, with the charging 
switching point of the 
timer set by the stored 
charge on the first capaci- 
tor. | had been concerned 
about charge leakage, but 
the data book showed 
that the leakage through 
the transistor used to 
switch off the charging 
current was low enough 
not to change the timing 
by a significant amount 
over a period of half an 
hour. A CMOS op-amp 





was used as the relaxation oscilla- 
tor, so that charge leakage through 
this was also negligible. It only took 
me half a day to design, and anoth- 
er couple of hours to build a proto- 
type which worked very well. 

The next stage was to make sev- 
eral units for several different peo- 
ple’s cars. The problems started to 
appear. What had worked well with 
the switch and motor on my car 
failed to respond to the switch oper- 
ations on my friend’s car, because I 
had applied slightly too much 
switch-bounce suppression. A 
reduction of the bounce-suppres- 
sion to the minimum which would 
work on my car, caused multiple 
triggering in a vehicle owned by a 
third friend, and in the end I had to 
resort to multiple time-constants to 


To design 
this particular 
application. 
for industrial 
manufacture | 
would proba- 
bly have 
made a 
charge some- 
where in the 
low thou- 
sands of 
pounds. 














Q&A 


cope with the range of switch- 
bounce and parking contact delay 
across a range of vehicles. The 
experimenting with, and correction 
of, the switch-bounce circuitry, took 
longer than the initial design. 

Still, now we had a working 
product with the bugs carefully 
removed, so we could manufacture 
a number to sell. 

The Veroboard proto- 
types were clearly unaccept- 
able for sale, so we searched 
for a suitable box for which 
we could design a printed 
circuit. Because the unit 
would be housed under the 
bonnet and could be subject- 
ed to road spray it had to be 
sealed, and we found no 





was to use an electrolytic, and no 
reasonably-priced electrolytic 
capacitor was specified to have a 
low enough internal leakage to hold 
its charge long enough regardless 
of any external leakage. In reality, 
most electrolytic capacitors will do 
the job when tested, but I wanted to 
avoid units failing subsequently 
due to ageing of the components or 


In the end, I 
re-designed 


am 
suitable sealed case at a rea- 
sonable price. This was not So u n i 


seen as a problem and decid- 


ed to use a good-quality pot- 
ting compound intended for ro mM? 


electronic products. We had 
a metal mould fabricated, 
designed the PCBs to fit, and 
made and potted some sam- 
ples. The friend who had 
originally raised the question 
tried the first one on his car, 
and was upset to find that it 
became unreliable after a few 
weeks. 

Considerable investiga- 


scratch 
using digital 
instead of 





tion eventually revealed that i 
the potting compound, ana Og ots 


though properly cured, 


absorbed moisture from the 7 = 
atmosphere slowly, and : mM? a rn q # nr 


eventually became faintly 


wast cauak ie TNS Solved 
all the prob- 
lems 


away the charge on a 2.2uUF 
capacitor over a period over 
about two minutes. We were 
now faced with the choice of 
redesigning the circuit to 
avoid the problem, or 
redesigning the housing — in 
which we had already 
invested effort and money. 

An internal plastic cover over 
the sensitive part of the circuit 
proved ineffective, because the pot- 
ting compound would flow in 
through the smallest gap, and 
sealed boxes were still quite 
unattractive, so we decided to mod- 
ify the circuit. 

My first approach was to try to 
increase the capacitance value far 
enough that the leakage would not 
matter, but the only way to do that 
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to temperature variations. 

In the end, I re-designed the unit 
from scratch using digital instead of 
analogue timing, and this solved all 
the problems and resulted in a 
product of which some samples are 
in service to this day. A cut-down 
embodiment of this was subse- 
quently published as a magazine 
project, and the kit is still being 
marketed by Cirkit. 

If the first prototype design had 





been published as a magazine pro- 
ject, it would not have been good 
enough: some readers’ units would 
have worked well, because the 
characteristics matched the wind- 
screen wiper circuity in their cars, 
and others would not have worked, 
because of excessive switch bounce 
or switching delays. Unfortunately, 
some magazine projects do fall into 
this category, because it is 
very difficult to predict all 
the problems which might 
arise on use in different situ- 
ations, and it is normally 
uneconomic for the develop- 
er to make and test half a 
dozen or more prototypes to 
improve the design. 

The design at the stage 
when the time constant prob- 
lems had been solved, but 
before the unit had been 
redesigned as a digital cir- 
cuit, would have been suit- 
able for publication in a 
magazine, because it is not 
unreasonable to expect that 
electronics hobbyists can 
take care to mount their pro- 
ject away from direct road- 
spray, and that they could 
individually seal a plastic 
case once it has been 
installed. It is preferable to 
go one stage better than this 
for a magazine project, but it 
is very often not possible. 

The third main stage of 
the design which was an 
acceptable product for man- 
ufacture, had taken a num- 
ber of man-weeks to devel- 
Op; a period of time totally 
out of proportion to the less 
than one day needed to 
make the first model work 
quite acceptably. 

In summary, to design a 
product a good approach is 
first of all to decide upon the 
broad means by which the 
job is to be done, then to sort 
out the details and try to predict 
future tolerance problems. Then 
several prototypes are normally 
desirable to show any snags which 
may have been overlooked. After 
this stage, minor or major redesign 
may be needed. In extreme cases 
the whole scheme may need to be 
changed. Attempts to short circuit 
this procedure leave a risk of a 
design which cannot be relied upon 
to work in all cases. im 
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These modules now enjoy a world-wide reputation for quality, reliability and performance at a realistic price. Four 
models are available to suit the needs of the professional and hobby market i.e. Industry, Leisure, Instrumental and Hi-Fi 
etc. When comparing prices, NOTE that all models include toroidal power supply, integral heat sink, glass fibre P.C.B. and 
drive circuits to power a compatible Vu meter. All models are open and short circuit proof. 


THOUSANDS OF MODULES PURCHASED BY PROFESSIONAL USERS 


OMP/MF 100 Mos-Fet Output power 110 watts 
R.M.S. into 4 ohms, frequency response 1Hz - 100KHz 
-3dB, Damping Factor >300, Slew Rate 45V/uS, 
T.H.D. typical 0.002%, Input Sensitivity 500mV, S.N.R. 
-110 dB. Size 300 x 123 x 60mm. 

PRICE £40.85 + £3.50 P&P 








OMP/MF 200 Mos-Fet Output power 200 watts 
R.M.S. into 4 ohms, frequency response 1Hz - 100KHz 
-3dB, Damping Factor >300, Slew Rate 50V/uS, 
T.H.D. typical 0.001%, Input Sensitivity 500mV, S.N.R. 
-110 dB. Size 300 x 155 x 100mm. 

PRICE £64.35 + £4.00 P&P 






THE RENOWNED MXF SERIES OF POWER AMPLIFIERS 
FOUR MODELS:- MXF200 (100W + 100W) MXF400 (200W + 200W) 
MXF600 (300W + 300W) MXF900 (450W + 450W) 


ALL POWER RATINGS R.M.S. INTO 4 OHMS, BOTH CHANNELS DRIVEN 
FEATURES: x/Independent power supplies with two toroidal transformers * Twin L.E.D. Vu meters * 
Level controls * Illuminated on/off switch * XLR connectors * Standard 775mV inputs * Open and short circuit 
proof * Latest Mos-Fets for stress free power delivery into virtually any load * High slew rate * Very low 
distortion * Aluminium cases * MXF600 & MXF900 fan cooled with D.C. loudspeake and thermal protection. 


USED THE WORLD OVER IN CLUBS, PUBS, CINEMAS, DISCOS ETC. 
SIZES:- MXF200 W19"xH3"2" (2U)xD11” 
MXF400 W19"xH5"4" (3U)xD12” 
MXF600 W19"xH5"4" (3U)xD13” 
MXF900 W19"xH5"4" (3U)xD14%4” 
PRICES:-MXF200 £175.00 MXF400 £233.85 
MXF600 £329.00 MXF900 £449.15 
SPECIALIST CARRIER DEL. £12.50 EACH 


OMP VARISPEED TURNTABLE CHASSIS 


* Manual arm * Steel chassis * Electronic speed 
control 33 & 45 R.P.M. * Vari pitch control * High 
torque servo driven DC motor * Transit screws * 
12” die cast platter * Neon strobe * Calibrated 
balance weight * Removable head shell * '2" 
cartridge fixings * Cue leverx 220/240V 50/60Hz 
* 390x305mm * Supplied with mounting cut-out 
template. 


PRICE £61.30 + £3.70 P&P 
5 STANTON ALSO GOLDRING G950 


E£16.95 + 50P P&P __ PRICE £7.15 + 50P P&P 
STEREO DISCO MIXER DJ6500 


* WITH ECHO x 
STEREO DISCO MIXER with 2 x 7 band 
L & R graphic equalisers with bar graph 
LED Vu meters. MANY OUTSTANDING 
FEATURES:- including Echo with repeat & 
speed control, DJ Mic with tone control 
& talk-over switch, 7 Channels with 
individual faders plus cross fade, Cue 
Headphone Monitor. Useful combination of 
the following inputs:- 3 turntables (mag), 3 
mics, 5 Line for CD, Tape, Video etc. 


Price £134.99 + £5.00 P&P SIZE: 482 x 240 x 120mm 
PIEZO ELECTRIC TWEETERS - MOTOROLA 


Join the Piezo revolution! The low dynamic mass (no voice coil) of a Piezo tweeter produces an improved 
§ transient response with a lower distortion level than ordinary dynamic tweeters. As a crossover is not required 
these units can be added to existing speaker systems of up to 100 watts (more if two are put in series. FREE 
EXPLANATORY LEAFLETS ARE SUPPLIED WITH EACH TWEETER. 


_ TYPE ‘A’ (KSN1036A) 3” round with protective wire mesh. Ideal for 
1° bookshelf and medium sized Hi-Fi apeakers. Price £4.90 + 50p P&P. 
TYPE ‘B’ (KSN1005A) 3'.” super horn for general purpose speakers, 
disco and P.A. systems etc. Price £5.99 + 50p P&P. 

TYPE ‘C’ (KSN1016A) 2”x5” wide dispersion horn for quality Hi-Fi sys- 
® tems and quality discos etc. Price £6.99 + 50p P&P. 

TYPE ‘D’ (KSN1025A) 2’x6” wide dispersion horn. Upper frequency 
response retained extending down to mid-range (2KHz). Suitable for high 
quality Hi-Fi systems and quality discos. Price £9.99 + 50p P&P. 

TYPE ‘E’ (KSN1038A) 3%.” horn tweeter with attractive silver finish trim. 
Suitable for Hi-Fi monitor systems etc. Price £5.99 + 50p P&P. 

LEVEL CONTROL Combines, ona recessed mounting plate, level control 
and cabinet input jack socket. 85x85mm. Price £4.10 + 50p P&P, 






























 OMP/MF 300 Mos-Fet Output power 300 watts 
* R.M.S. into 4 ohms, frequency response 1Hz - 100KHz} 
» -3dB, Damping Factor >300, Slew Rate 60V/uS, 
* T.H.D. typical 0.001%, Input Sensitivity 500mV, S.N.R. 
-110 dB. Size 330 x 175 x 100mm. 

PRICE £81.75 + £5.00 P&P 











» OMP/MF 450 Mos-Fet Output power 450 watts 
F R.M.S. into 4 ohms, frequency response 1Hz - 100KHz 
 -30B, Damping Factor >300, Slew Rate 75V/uS, 
’T.H.D. typical 0.001%, Input Sensitivity 500mV, S.N.R. 
-110 dB, Fan Cooled, D.C. Loudspeaker Protection, 2 
Second Anti-Thump Delay. Size 385 x 210 x 105mm. 
PRICE £132.85 + £5.00 P&P 
NOTE: MOS-FET MODULES ARE AVAILABLE IN TWO VERSIONS: 
STANDARD - INPUT SENS 500mvV, BAND WIDTH 100KHz. 
PEC (PROFESSIONAL EQUIPMENT COMPATIBLE) - INPUT SENS 
775mV, BAND WIDTH 50KHz. ORDER STANDARD OR PEC. 















































Vu METER Compatible with our four amplifiers detailed above. A very accurate 
visual display employing 11 L.E.D.s (7 green, 4 red) plus an additional on/off 
indicator. Sophisticated logic control for very fast rise and decay times. Tough 
moulded plastic case, with acrylic tinted front. Size 84 x 27 x 45mm. 

PRICE £8.70 + 50p P&P 


LOUDSPEAKERS LARGE SELECTION OF SPECIALIST LOUDSPEAKERS 
OUDSPEAKER AVAILABLE, INCLUDING CABINET FITTINGS, SPEAKER 
GRILLES, CROSS-OVERS AND HIGH POWER, HIGH 


FREQUENCY BULLETS AND HORNS, LARGE (A4) S.A.E. 
Sapa STAMPED) FOR COMPLETE LIST. 


- From McKenzie Professional Series 
- From McKenzie Studio Series 


MCKENZIEN ReTRUMENTS P.A., DISCO, ETC 


ALL McKENZIE UNITS 8 OHMS IMPEDANCE 

8” 100 WATT P| C8-100GP GEN. PURPOSE, LEAD GUITAR, EXCELLENT MID, DISCO. 

RES. FREQ. 80Hz, FREQ. RESP. TO 7KHz, SENS 96cB. PRICE £31.45 + £2.00 P&P 
10” 4 OOWATT §|C10-100GP GUITAR, VOICE, KEYBOARD, DISCO, EXCELLENT MID. 

RES. FREQ. 72Hz, FREQ. RESP. TO 6KHz, SENS97dB. PRICE £38.89 + £2.50 P&P 
10” 200WATT S'C10- -200GP GUITAR, KEYB’D, DISCO, EXCELLENT HIGH POWER MID. 

RES. FREQ. 69Hz, FREQ. RESP. TO 5KHz, SENS 97dB. PRICE £53.21 + £2.50 P&P 
12” 100WATT PC12-100GP HIGH POWER GEN. PURPOSE, LEAD GUITAR, DISCO. 

RES.FREQ. 49Hz, FREQ. RESP. TO 7KHz, SENS 98cB. PRICE £40.35 + £3.50 P&P 
12” 100WATT Ge C12-100TC (TWIN CONE) HIGH POWER, WIDE RESPONSE, P.A., VOICE, DISCO. 
RES. FREQ 45Hz, FREQ. RESP. TO 12KHz, SENS 97dB. PRICE £41.39 + £3.50 P&P 
12" 200WATT SiC1 2-200B HIGH POWER BASS, KEYBOARDS, DISCO, P.A. 

RES. FREQ. 45Hz, FREQ. RESP. TO 5KHz, SENS 99dB. PRICE £71.91 + £3.50 P&P 
12” 3OOWATT S C1 2-300GP HIGH POWER BASS, LEAD GUITAR, KEYBOARDS, DISCO ETC. 

RES. FREQ. 49Hz, FREQ. RESP. TO 7KHz, SENS 100dB. PRICE £95.66 + £3.50 P&P 
15°1 OOWATT PiC1 5-100BS BASS GUITAR, LOW FREQUENCY, P.A., DISCO. 

RES. FREQ. 40Hz, FREQ. RESP. TO 5KHz, SENS 98dB. PRICE £ 59.05 + £4.00 P&P 
15” 200WATT P'C1 5-200BS VERY HIGH POWER BASS. 

RES. FREQ. 40Hz, FREQ. RESP. TO 3KHz, SENS 98dB. PRICE £80.57 + £4.00 P&P 
15” 250WATTSC1 5-250BS VERY HIGH POWER BASS. 

RES. FREQ. 39Hz, FREQ. RESP. TO 4KHz, SENS 99dB. PRICE £90.23 + £4.50 P&P 
15” 400WATT SC1 5-400BS VERY HIGH POWER, LOW FREQUENCY BASS. 

RES. FREQ. 40Hz, FREQ. RESP. TO 4 KHz, SENS 100dB. PRICE £105.46 + £4.50 P&P 
18’ 500WATT S.C18- -500BS EXTREMELY HIGH POWER, LOW FREQUENCY BASS. 

RES. FREQ. 27Hz, FREQ. RESP. TO 2KHz, SENS. 98dB. PRICE £174.97 + £5.00 P&P 


EARBENDERS:- HI-FI, STUDIO, IN-CAR, ETC 


ALL EARBENDER UNITS 8 OHMS (Except EB8-50 & EB10-50 which are dual impedance tapped @ 4 & 8 ohm) 
BASS, SINGLE CONE, HIGH COMPLIANCE, ROLLED SURROUND 

8” 50watt EB8-50 DUAL IMPEDENCE, TAPPED 4/8 OHM BASS, HI-FI, IN-CAR. 

RES. FREQ. 40Hz, FREQ. RESP. TO 7KHz SENS 97dB. PRICE £8.90 + £2.00 P&P 
10” 50WATT EB10-50 DUAL IMPEDENCE, TAPPED 4/8 OHM BASS, HI-FI, IN-CAR. 

RES. FREQ. 40Hz, FREQ. RESP. TO 5KHz, SENS. 99dB. PRICE £13.65 + £2.50 P&P 
10” 100WATT EB10-100 BASS, HI-FI, STUDIO. 

RES. FREQ. 35Hz, FREQ. RESP. TO 3KHz, SENS 96dB. PRICE £30.39 + £3.50 P&P 
12” 100WATT EB12-100 BASS, STUDIO, HI-FI, EXCELLENT DISCO. 

RES. FREQ. 26Hz, FREQ. RESP. TO 3 KHz, SENS 93dB. PRICE £42.12 + £3.50 P&P 
FULL RANGE TWIN CONE, HIGH COMPLIANCE, ROLLED SURROUND 

514" 6GOWATT EB5-60TC (TWIN CONE) HI-FI, MULTI-ARRAY DISCO ETC. 

RES. FREQ. 63Hz, FREQ. RESP. TO 20KHz, SENS 92dB. PRICE £9.99 + £1.50 P&P 
612" GOWATT EB6-60TC (TWIN CONE) HI-FI, MULTI-ARRAY DISCO ETC. 

RES. FREQ. 38Hz, FREQ. RESP. TO 20KHz, SENS 94dB. PRICE £10.99 + 1.50 P&P 
8” GOWATT EB8-60TC (TWIN CONE) HI-FI, MILTI-ARRAY DISCO ETC. 

RES. FREQ. 40Hz, FREQ. RESP. TO 18KHz, SENS 89dcB. PRICE £12.99 + £1.50 P&P 
10” GOWATT EB10-60TC (TWIN CONE) HI-FI, MULTI ARRAY DISCO ETC. 

RES. FREQ. 35Hz, FREQ. RESP. TO 12KHz, SENS 98dB. PRICE £16.49 + £2.00 P&P 


THREE SUPERB HIGH POWER RANSMITTER HOBBY KITS 
CAR STEREO BOOSTER AMPLIFIERS 
150 WATTS (75 + 75) Stereo, 150W PROVEN TRANSMITTER DESIGNS INCLUDING GLASS FIBRE 
Bridged Mono PRINTED CIRCUIT BOARD AND HIGH QUALITY COMPONENTS 
250 WATTS (125 + 125) Stereo, 250W COMPLETE WITH CIRCUIT AND INSTRUCTIONS ; 
Bridged Mono 3W TRANSMITTER 80-108MHz, VARICAP CONTROLLED PROFESSIONAL & 
400 WATTS (200 + 200) Stereo, 400W #j PERFORMANCE, RANGE UP TO 3 MILES, SIZE 38 x 123mm, SUPPLY 12V @ 0.5AMP. 
Bridged Mono PRICE £14.85 + £1.00 P&P 
ALL POWERS INTO 4 OHMS FM MICRO TRANSMITTER 100-108MHz, VARICAP TUNED, COMPLETE WITH 
Features: VERY SENS FET MIC, RANGE 100-300m, SIZE - x bps SUPPLY 9V BATTERY. 































































































































































































OMP LINNET LOUDSPEAKERS 


THE VERY BEST IN QUALITY AND VALUE 


















Made especially to suit today’s need for compactness with high output 
sound levels, finished in hard wearing black vynide with protective 
corners, grille and carrying handle. Each unit incorporates a 12” driver 
plus high frequency horn for a full frequency range of 45Hz-20KHz. 
Both models are 8 Ohm impedance. Size: H20” x W15" x D12”. 


CHOICE OF TWO MODELS 
POWER RATINGS QUOTED IN WATTS RMS FOR EACH CABINET 



























OMP 12-100WATTS (100dB) PRICE £163.50 PER PAIR 
OMP 12-200WATTS (200dB) PRICE £214.55 PER PAIR 


SPECIALIST CARRIER DEL. £12.50 PER PAIR 
























IN-CAR STEREO BOOSTER AMP 





































pes uA * Stereo, bridgable mono * Choice of : BO + PHOTO: 3W FM TRANSMITTER 
. high & low level inputs * L & R level 
PRICES: 150W £49.99 250W £99.99 conirels * peel’ on-off * Speaker & 
400W £109.95 P&P £2.00 EACH ; 

POSTAL CHARGES PER ORDER £1.00 MINIMUM. OFFICIAL (TTT271 RO] 

ORDERS FROM SCHOOLS, COLLEGES, GOVT. BODIES, PLCs ETC. |i UNITS 16 5 COMET WAY, SOUTHEND-ON-SEA, 

PRICES INCLUSIVE OF V.A.T. SALES COUNTER. VISA AND VISA in ESSEX. SS2 GTR. 

ACCESS ACCEPTED BY POST, PHONE OR FAX. Tel: O7O02-S527572 Fax.:0702-420243 










































DOT MATRIX 
& NOTEBOOK 






PRINTERS 


9 PRINTER 


144 cps 80 coLUMN 


® Citizen 120D+ - 9 pin - 80 column 
@ 144cps Draft, 30cps NLO 

® 4K Printer Buffer + 2 Fonts 

@ Parallel Interface as Standard 

@ Graphics Resoiution: 240x240dpi 
@ Epson and IBM Emulation 

@ Pull tractor & bottom feed 

@ FREE Silica Printer Starter Kit 


ALWAYS A GOOD IDEA 


Silica presents some great 
offers on the award winning 
range of high quality matrix 
printers from Citizen. Each 
Citizen printer is built in the 
UK to exacting standards, 
ensuring superb reliability 
and output. Our confidence 












Next Day - Anywhere in the UK mainland 












Worth £29.38 - With every Citizen printer from Silica. 




















Silica offer a 2 year warranty (including the 
printer head) with every Citizen printer from Silica. 
































RAPS ose. £199 
: ‘ig . . SERIAL INTERFACE OPTION 
’ STARTER KIT... £25 analy . : 
in Citizen's quality is such foe Wane co one TOTAL RAP? taa4 | The 1200 printer is available with 
that we are pleased to in- Included with the Silica Starter Kit. Saving: _@95 | 4 Serial interface for £139-+VAT. 





clude a 2 year guarantee Ref: PRI 2125 - £163.33 inc VAT. 


with every printer. Plus, if 
you buy a Citizen printer 
from us, we will give you 
the Silica Systems Printer 
Starter Kit (worth £29.38), 
FREE OF CHARGE! 


SILICA PRICE: £129 









With every Swift 9 and Swift 24e printer. 











Technical support helpline open during office hours. 










Citizen printers are manufactured to high standards. 













our Option Extra - Seé Accessories | 


192 cps 136coLUMN 


@ Citizen Swift 9x - 9 pin - 136 column .. _ : chad bion Extra a See Accesso : 


@ 192cps Draft, 48cps NLOQ | pias See ices a j 9 y) : r se 8 0 
| @ 8K Printer Buffer + 3 Fonts e “= 
@ Parallel Interface | CPS COLUMN 


@ Graphics Resolution: 240x240dpi ® repel a pie a column 
@ cps Dra cps 
216 CPS 80 COLUMN | @ 8K Printer Buffer + 2 Fonts 


@ Epson and [BM Emulation 
@ FREE Colour kit ®@ A3 landscape printing 
@ FREE Silica Printer Starter Kit @ FREE Silica Printer Starter Kit © Citizen Swift 24e - 24 pin - 80 column @ Parallel Interface 
Ae £239 RAP: £329 (— @ 216cps Draft, 72cps LQ @ Graphics Resolution: 360%360dpi 
SaNTER STARTER KIT... £25 © 8K Printer Buffer + 6 Fonts @ Epson and IBM Emulation 

® Parallel Interface @ Colour Option Available 

© Graphics Resolution: 360x360dpi @ FREE Silica Printer Starter Kit 


app Tae TOTAL RAP: £354 
TOTAL RAP: £302 SAVING: £105 

@ Epson, IBM & NEC P6+ Emulation ne £269 
@ FREE Colour Kit STARTER KIT........... 


SAVING: £123 
SILICA PRICE: £179 SILICA PRICE: £249 

@ FREE Silica Printer Starter Kit TOTAL RRP: £294 

24 PIN PRINTER ee £365 SAVING: £95 





























192 cps 80 coLuMN 


® Citizen Swift 9 - 9 pin - 80 column 
@ 192cps Draft, 48cps NLOQ 

@® 8K Printer Buffer + 3 Fonts 

® Parallel interface 

® Graphics Resolution: 240x240dpi 
@ Epson and IBM Emulation 













































+VAT=£222.08 ref: PRI 2209 


















































































32K MEMORY EXPN 
PRA 1753 124D/224 Swift 24/24e . £13.10 
PRINTER STAND 
PRA 1242 124D/224 Sw9/24/24e .. £24.03 
PRA 1274 Swift 9x/24x ................. £30.66 
ORIGINAL RIBBONS 
RIB 3520 120D/Swift 9 Black ......... fe a 
RIB 3949 Swift 9x Black................ 
RIB 3924 124D/224 Sw24/24e Black cA 20 
RIB 3936 Swift 9/24/24e Colour ... £15.63 
RIB 3248 PN48 Single Strike ......... £3.61 
RIB 3348 PN48 Multi Strike ........... £3.61 
COLOUR KITS 
PRA 1236 Swift 9/24/24e ............ rot 
























TOTAL RRP: £428 
24 PIN PRINTER SHEET FEEDERS 
PRA 1228 124D/224 Sw9/24/24e . £42.00 
WORLD'S SMALLEST & LIGHTEST —— | (| eet Budget | @ 8K Printer Buffer + 2 Fonts | ORA ob ent ere 25 ff printer from Silica: 
eae ee a a | 44 CPS ¢@ Engen gad IPM Enulation © 2 Metre Parallel Printer Cable 
192 ci ces. 136 COLUMN P 
@ 5 Continuous Envelopes 
@ 8K Printer Buffer + 4 Fonts 
KIT 5500) for £24.95 - £5 off RRP! 
@ Epson, IBM and NEC P6 Emulation Pe : oP mae ee SAVING: £105 | 


copes eT SILICA PRICE: £199 \__ +VAT=£233.83 ref: PRI 2484 J ref: PRI 2484. 
SAVING: £169 
SILICA PRICE: £259 
a PRA 1200 120D ..0.000000 ccc. £71.38 
@ Citizen 124D - 24 pi n - 80 col PRA 1215 124D/224 Sw9/24/24e .. £88.70 
@ 144cps Draft, 48cps LQ SERIAL INTERFACES Worth: £25 +vat=e29.38 
: PRA 1189 120D4 ooo. To get you up and running with your new 
A4 NOTEBOOK PRINTER  . —— Printer 1990 @ Parallel Interface e is ke - tees va iaabge 
® Graphics Res: 360x360dpi ho oes alder bab abpeebd 
@ 200 Sheets of Continuous Paper 
: } @ 100 Continuous Address Labels 
| @ Citizen Swift 24x - 24 pin - 136 column 80 co Nh oF REE “ ica Printer Starter Kit , _ oe 
© 192cps Draft, G4cps LQ : : ee ee you already own a printer, and wou 
: Y : SS Pe ae ai — ane a es ee like to buy a kit, you may order one (ref: 
@ Parallel Interface ee SS IGEN 124) i : re 
@ Graphics Resolution: 360x360dpi — a : TOTAL RRP: £274 
@ A3 landscape printing - FREE Colour Kit : ’ a 
@ FREE Silica Printer Starter Kit a SILICA PRICE: £169 




























: oe : = | PRA 1240 Swift 9W/24x 0... 
STARTER KIT. t.... ale PN48 ACCESSORIES 
TOTAL RRP: £514 = PRA 1148 PN48 Battery ................ £51.70 
SAVING: £165 eee : See PRA 1155 PN48 Cable Extn .......... £TBC 
fPRIzIOg J SILICA PRICE: £349 Noe ee 


All prices include VAT and Free delivery. 




















































MAIL ORDER: 1-4 The Mews, Hatherley Rd, Sidcup, Kent, DA14 4DX_ Tel: 081-309 1111 
Si LiCA SYSTE MS 33s - YO Ul Order Lines Open: Mon-Sat 9.00am-6.00pm No Late Night Opening Fax No: 081-308 0608 
LONDON SHOP: 52 Tottenham Court Road, London, WiP OBA Tel: 071-580 4000 
: : Opening Hours: Mon-Sat 9.30am-6.00pm No Late Night Opening Fax No: 071-323 4737 
FREE OVERNIGHT DELIVERY: On all hardware orders shipped in the UK mainland. LONDON SHOP: Selfridges (1st Floor), Oxford Street, London, W1A 1AB_ Tel: 071-629 1234 
TECHNICAL SUPPORT HELPLINE: Team of technical experts at your service. Opening Hours: Mon-Sat 9.30am- eer Late Night: Thursday until 8pm Extension: 3914 
PRICE MATCH: We normally match competitors on a ‘‘Same product - Same price’’ basis. SIDCUP SHOP: 1-4 The Mews, Hatherley Rd, Sidcup, Kent, DA14 4DX Tel: 081-302 8811 
ESTABLISHED 12 YEARS: Proven track record in professional computer sales. Opening Hours: Mon-Sat 8.00am-5 30pm Late Night: Friday until 7pm Ft No: 081309 17 













BUSINESS + EDUCATION + GOVERNMENT: Volume discounts available for large orders. 
SHOWROOMS: Demonstration and training facilities at our London & Sidcup branches. 
THE FULL STOCK RANGE: All of your requirements from one supplier. 

FREE CATALOGUES: Will be mailed to you with offers and software/peripheral details. 
PAYMENT: By cash, cheque and all major credit cards. 


Before you decide when to buy your new printer, we suggest you think very carefully about WHERE 
you buy it. Consider what it will be like a few months after you have made your purchase, when you 
may require additional peripherals or software, or help and advice. And, will the company you buy from 


Fo: Silica Systems, Dept PRNOW-1201-55, 1-4 The Mews, Hatherly Rd, Sidcup. Kent, DAT 


: Silica Systems, Dept PRNOW-1291-55, 1-4 The Mews, Hatherley Rd, Sidcup, Kent, DA14 4DX 


,|_PLEASE SEND A CITIZEN COLOUR CATALOGUE | 


Mr/Mrs/Ms: .......... Initials: ............... Surname: 








































contact you with details of new products? At Silica Systems, we ensure that you will have nothing to PUNO T SS ice daca hong ah ice ats apt aprasess ca eect tae cia tae scegeg ou detrei oa npc ca asad oituna be pdwsceuainsnantacacieenes 

worry about. We have been established for over 12 years and, with our unrivalled experience and ex- : 

pertise, we can now claim to meet our customers requirements with an understanding which i is second SCS CEO E OES EERO OSE DETERS COO DOC R ERED REARS ANCL RDS Ra REDE DE SDE E EET OC OTT E DOSER ONSEDOReC ER SOetaeeneeeneDeenseecnssEEDecsauveee 

to none. But don't just take our word for it. Complete and return the coupon now for our latest Free 

literature and begin to experience the ‘‘Silica Systems Service’. Q JUdeswienise’ehn eine da debe sae Dsleeieanageeciec ahead vewea gc i): (21010 (= ae en ne a Oe ee ee eee ee 
Tl MIG) cesses ieicesetsaiiocates duecnsedoaeiausrdteahedeiion Te Ve once crane dacteteeecciageidseuineeecuessuntes 


SILICA Iig~ 
SYSTEMS 


Company Name (if applicable): 


E Which computer(s), if aMy, dO YOU OWN? ........cccccccccscecseesstecececsseesetteceseceruuecccsertrsseeceetrtnecs 55C 
ee ee EE eee el 
E&OE - Advertised prices and specifications may change - Please return the coupon for the latest information. 








